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In  1915,  with  Europein  flames,  Americans  looked 
anxiously  over  their  shoulders,  wondering 
whetherthey,  too,  would  be  pulled  intothe"Great 
War"  ragi  ng  across  an  ever-narrower  Atl  anti  c  O  cean . 
Conversations  that  year  between  Thomas  Alva 
Edison  and  Secretary  of  the  Navyjosephus  Daniels 
set  in  motion  theforcesthat  led  to  theestablishment 
of  an  inventions  factory  modeled  on  those 
laboratories  newly  established  within  the  most 
progressive  part  of  American  industry.  Within  a 
generation,  the  new  Naval  Research  Laboratory 
(NRL)  would  producethefirst operational  American 
radar  and  sonar  and  accomplish  path-breaking 
fundamental  research  on  the  transmission  of  high- 
frequency  radio  waves  and  the  nature  of  the 
ionosphere 

Science  writer  Ivan  Amato  explores  the  origin, 
de/elopment,  and  accomplishments  of  N  RL  over  the 
last  75  years.  He  analyzes  the  personalities, 
institutional  culture  and  influences  of  what  has 
b  eco  me  0  n  e  of  th  e  preem  i  n  en  t  research  I  abo  rato  ri  es 
with!  n  theU  nited  States  Traci  ngthe  Laboratoryfrom 
its  small  and  often  inauspicious  origins  to  today's 
large  multidisciplinary  research  center,  Amato  sets 
in  context  many  of  theimportant  research  eventsand 
fronts  of  modern  mil  itary  science  and  technology. 

The  author  explores  the  role  of  the  Laboratory 
within  the  Navy  and  U.S.  science  during  the  1920s, 
Great  Depression,  and  the  "physicists'  war"  of  1941 
to  1945.  Amato  subsequently  looks  at  NRL  during 
theCold  War  and  the  birth  ofthespaceage  of  which 
it  was  such  a  key  player.  Hethen  presents  overviews 
of  contemporary  research  programs  that  wi  1 1  shape 
the  substance  of  mi  I  i  tary  capabi  I  i  ti  es  wel  I  i  nto  the 
next  century.  Amato  exami  nes  research  fi  el  ds  rang  ng 
from  oceanography  to  plasma  physics  to  space 
technology  in  order  to  demonstrate  how  advanced 
science  and  technology  have  developed 
synergist!  cal  I  y  with!  n  the  dual  context  of  a  mi  I  itary- 
sponsored,  civilian-administered  R&D  laboratory. 


-  David  van  Keuren,  NRL  Historian 
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The  N  avy's 
Invention  Factory 


I  the  eastern  bank  of  the  Potomac  River,  just  after 
the  ri  ver's  waters  have  I  eft  the  heart  of  Washi  ngton 
on  theirsouthward  journey  to  the  Chesapeake  Bay, 
resi  des  a  130-acre  campus  with  over  100  bui  I  di  ngs 
f  all  shapes  and  sizes  Guards  screen  every  person 
or  vehicle  entering  the  compound.  Some  of  the  buildings  have  no 
windows.  Many  are  equipped  with  radar  dishes  and  antennae  of  many 
varieties. 

Travel ersflyingthroughtheRonald  Reagan  National  Airport,  which 
isjust  across  the  Potomac,  can  look  down  from  their  planes  and  catch 
glimpses  of  the  industrial -looking  site  Most  don't  notice  it.  If  the 
campus  even  flashes  onto  their  retinas,  practically  all  letitpasslikea 
stretch  of  anonymous  landscape  along  an  interstate  highway.  Atten- 
ti  ve  fl  yers  however,  mi  ght  noti  ce  some  I  arge  bl  ue  I  etteri  ng  above  the 
windows  of  the  bui  I  ding  from  which  juts  a  weathered  old  pier  that 
once  hosted  the  traffic  of  oceanographic  research  vessels.  The  letters 
spell  out  "Naval  Research  Laboratory." 

To  unwittingly  fly  or  drive  by  the  Naval  Research  Laboratory  is 
aki  n  to  goi  ng  ri  ght  by  a  Bel  I  Laboratori  es,  a  N  ASA,  a  M  i  crosoft  Corpo- 
ration,  or  the  headquarters  of  some  other  world-changi  ng  organiza¬ 
tion  without  recognizing  the  pi  ace  for  how  it  has  contri  buted  to  the 
technological  character  of  modern  times  Despite  its  lack  of  name 
recognition,  NRL,  theNav/sown  corporate  laboratory,  hasbecomea 
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worl  d-changi  ng  pi  ace  duri  ng  i  tsfi  rst  75  years  Thi  s  book  tel  I  s  some  of 
N  RL's  story,  at  I  east  that  part  that  i  sn't  sti  1 1  secret. 

Thehistory  of  an  institution  like  the  Naval  Research  Laboratory 
resembles  a  family  historythat  unfolds  in  time  taking  this  turn  and 
that  depending  on  thestrengthsand  weaknesses  each  new  generation 
brings  with  it  or  inherits  or  on  thetraits  it  develops  in  response  to  its 
i  nternal  and  external  pressures 

When  NRL  opened  for  business  in  1923,  it  was  a  cluster  of  five 
buildings  surrounded  byfarmland.  It  was  a  pi  ace  of  clean  air  and  dirt 
roads  Itwasthen  bucolic  enough  of  a  setting  that  "Bellevue"  (liter¬ 
ally"  beauti  f  u  I  vi  ew"  i  n  Fren  ch ) ,  th  e  n  ame  gi  ven  to  th  e  pro  petty  by  an 
earlier  owner,  intended  no  irony. 

The  20*^  Century  has  taken  its  toll.  The  sounds  of  nature  have 
gi  ven  way  to  the  roar  of  N  ati  onal  Ai  rport's  every-two-mi  n  ute  ai  rl  i  ne 
traffic  and  of  military  aircraft  from  nearby  Andrews  Air  Force  Base 
and  the  di  n  of  car  traffi  c  from  nearby  I  nterstate  295.  Often,  and  espe- 
ci  ally  when  the  wind  comes  from  theSouth,  asicklystench  from  the 
nei  ghbori  ng  and  sprawl  i  ng  Bl  ue  PI  ai  ns  sewage  treatment  pi  ant  infil- 
tratestheairto  become  an  unwelcomeolfactorybannerfor  NRL.  There 
can  be  no  argument  that  the  name  "Bel  levue"  has  become  i  n  ti  me  a 
brazen  misnomer. 

From  its  initial  humble  role  on  this  changing  stage  of  Bellevue 
however,  the  Naval  Research  Laboratory  has  evolved  into  a  massive 
and  major  actor  in  the  world's  ongoing  love'hate  affair  with  science 
and  technology.  In  scientific  and  technological  contexts,  NRL  itself 
has  been  the  origin  of  plenty  of  "beautiful  views,"  these  i  n  the  form 
of  new  insights  about  oceans,  skies,  and  stars*  and  new  technologies 
based  on  those  insights 

What  started  75  years  ago  as  a  Tl'^h  acre  fi  vebui  I  di  ng  mai  n  cam- 
pushas  expanded  to  encompass  130  acres  and  102  main  buildings  as 
well  as  14  other  smaller  research  sites  outside  of  Washington,  DC. 
These  include  a  satellitetracking  station  in  Pomonkey,  Maryland;  a 
fire  research  vessel  in  Mobile  Alabama;  a  center  of  mostly  oceano- 
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graphic  research  atNRL'ssecond  largest  facility  located  on  theg'ounds 
of  Stennis  Space  Center  in  Bay  St.  Louis,  Mississippi;  and  a  meteoro¬ 
logical  modeling  and  prediction  laboratory  in  Monterey,  California. 
M ore  i mportant  than  this  physi cal  expansi on  has  been  N RL's  ascent 
to  j  oi  n  those  worl  d-d  ass  i  nstituti  ons  whose footpri  nts  mark  much  of 
the  technoscape  that  characterizes  modern  times. 

The  external  appearance  of  N  RL  bespeaks  of  arcane  science  and 
technology.  Building43,  thebuildingwith  thebigblueletteringon  it 
and  the  seat  of  the  Laboratory's  top  administration  is  capped  by  a 
striking  50-foot  radar  dish  pointing  heavenward.  In  the  1950s,  that 
dish  became  part  of  thefirst  communications  circuit  to  use  the  moon 
to  reflect  signals  Many  more  dishes  and  antennae  of  all  shapes  and 
sizes  adorn  scores  of  roofs  at  the  Laboratory  making  for  a  strange 
metal  lie  skyline 

So  me  of  N  RL's  bu  i  I  d  i  n  gs  are  gargantu  an  an  d  wi  n  do  wl  ess,  th  e  ki  n  d 
of  structures  on  which  rumors  are  built  and  within  which  scientists 
and  engineers  usher  astounding  concepts  for  military  technologies 
into  hardware  It  seems  that  half  of  the  buildings  on  campus  have 
theirown,  ice-caked  refrigerated  tank  of  liquid  nitrogen,  a  household 
fl  ui  d  for  a  pi  ace  I  i  ke  this  Some  of  the  newer  bui  I  di  ngs  coul  d  be  on 
any  modern  col  lege  campus  except  that  they  are  identified  coldlyby 
numbers  rather  than  by  the  names  of  the  institution's  overachievers 
or  major  benefactors 

On  top  of  oneof  these  i  n  the  northwest  corner  of  thecampus  (the 
one  borderi  ng  Bol  I  i  ng  Ai  r  Force  Base)  are  four  I  arge  white  communi- 
cations  radomes  perched  there  like  enormous  golf  balls  soon  to  be 
launched  across  the  Potomac  by  a  giant  golfer.  Pretty  much  all  that 
can  be  sai  d  about  thi  s  bui  I  di  ng  i  s  that  the  busi  ness  that  goes  on  there 
is  secret. 

South  and  a  bi  t  east  of  the  bi  g  gol  f  bal  I  s  i  s  a  stretch  of  ratti  er  I  ook- 
ing  buildings,  some  with  dented  corrugated  metal  siding  and  big,  in- 
su  I  ated  pipesrunninginandoutofthemhelter  skel  ter.  So  me  of  th  ese 
have  little  red  warning  lights  by  the  doors  that  blink  to  warn  those 
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outside  that  powerful  lasers  for  fusion  research,  nuclear  weapons  re¬ 
search,  and  materials  science  are  running. 

The  only  portion  of  NRL  that  looks  I  ike  someone  planned  itout 
ahead  of  ti  me  i  s  the  central  mal  I  that  grew  from  those  fi  rst  fi  ve  bui  I  d- 
i  ngs.  A  seri  es  of  gardens,  parki  ng  I  ots,  and  sparsel  y  but  tasteful  I  y  I  and- 
scaped  open  areas  leads  from  the  main  entrance  to  Building  43  and 
its  oversized  radar  dish.  At  the  mall's  entrance  is  a  bigger-than-life 
bust  of  Thomas  Alva  Edison,  whose  1915  vision  of  military  research 
and  the  future  of  warfare  i  nspi  red  the  creati  on  of  N  RL. 

Flanking  the  mal  I  on  both  sides  are  bui  I  dings  hosting  a  number 
of  NRL's  cast  of  research  groups:  the  Radar  Division,  theNaval  Center 
for  Space  Technology  (NCST),  the  Acoustics  Division,  the  Materials 
Science  and  Technology  Division,  the  Center  for  Biomolecular  Sci¬ 
ence  and  Engineering,  and  the  Marine  Physics  Branch  (oftheMarine 
Geosciences  Division).  The  rest  of  the  bui  I  dings  further  to  the  right 
and  I  eft  look  as  though  they  were  intermittently  dropped  from  a  great 
height  and  allowed  to  land  where  there  happened  to  be  space  The 
result  is  a  strange  brew  of  geometry,  architectural  styles*  old  and  new 
construction,  decay  and  growth.  It'sthekind  of  crazy  quilt  landscape 
that  reflects  an  institution's  sometimes  less-than-optimal  solutions 
to  evolving  problems  and  needs 

Thetypesof  bui  I  di  ngs  and  theequi  pment  i  nsi  deof  them  say  much 
about  what  can  go  on  at  an  i  nstitution.  What  does  i  n  fact  go  on,  how¬ 
ever,  is  determined  by  the  people  in  those  buildings.  NRL  today  em¬ 
ploys  more  than  3,000  individuals  about  2,950  more  than  it  did  in 
1923.  About  1,700  of  them  conduct  research  and  more  than  half  of 
these  i  nvesti  gators  have  PhDs 

Among  the  research  staff  are  chemists  physicists,  engineers  math¬ 
ematicians,  computer  scientists,  astronomers,  astrophysicists  optical 
scientists  electronic  warfare  specialists,  satellite  engineers,  ocean  sci¬ 
entists  meteorologists,  earth  scientists,  systems  engi neers,  acoustics 
experts  molecularbiologsts  and  a  huge  rangeof  other  technical  types 
With  a  spectrum  of  expertise  I  ikethat,  the  NRL  staff  can  mixand  match 
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amongst  themselves  SO  as  to  assembletheskillsand  intellectual  stuff 
that  it  takes  to  keep  the  Navy  on  the  myriad  forefronts  of  military 
technology. 

The  rest  of  N  RL's  staff  makes  sure  the  research  can  go  on  by  wres- 
tling  with  mountains  of  paperwork  (mostly  budgetary  and  account¬ 
ing),  preparing  food,  mending  pipes,  pi  anti  ngf  lowers*  acquiring  and 
managing  books  and  journals,  plowing  snow,  maintaining  security, 
operating  and  troubleshooting  computer  ^ems,  cajoling  sponsors, 
minding  military  protocol,  and  publicizing  results;  in  short,  by  doing 
al  I  the  tasks  requi  red  to  keep  N  RL  breathi  ng  every  day 

NRL  started  out  75  years  ago  asafar  more  special!  zed  pi  ace  than 
it  is  now.  It  essentially  was  a  small  radio  engineering  laboratory— 
along  with  an  important  cadre  of  underwater  sound  experts— at  a 
time  when  radio  technology  was  growing  from  its  birth  in  the  late 
19^  Centuryinto  aseminal  Centurytechnology.  Rather  than  de¬ 

veloping  broadcast  radio  to  reach  most  of  the  people  most  of  the 
ti  me  as  was  the  case  i  n  the  ci  vi  I  sector,  the  N  avy  provi  ded  an  enti  rel  y 
different  context.  The  Navy  hoped  that  radio  technology  would  pro¬ 
vide  a  new  communications  system  that  would  link  distantly  sepa¬ 
rated  parties  on  widely  separated  ships,  shore  installations,  and  air¬ 
craft. 

Thetechn i  cal  i  ssues  i  nvol  ved  i  n  such  a  ^em  pushed  the  exi  sti  ng 
envelope  of  radio  technology  to  the  point  that  the  NRL  engineers 
were  driven  to  investigate  scientific  issues— such  as  the  role  of  the 
el  ectri  cal  ly  charged  upper  atmosphere  ( whi  ch  became  known  as  the 
ionosphere)  in  the  propagation  of  radio  waves— as  a  necessary  step 
i  n  meeti  ng  the  N  av/s  needs  I  n  other  words  the  cal  I  for  I  eadi  ng-edge 
technology  by  necessity  inspired  scientific  curiosity.  In  turn,  investi¬ 
gations  into  how  the  state  of  the  ionosphere  and  other  environmen¬ 
tal  conditions  affect  radio  communications  opened  pathway  to  the 
development  of  more  technology. 

This  powerful  bootstrapping  dynamic  of  a  technological  need 
driving  both  engineering  and  basic  science  research,  whose  results 
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then  lead  to  new  technological  visionsthat,  in  turn,  drive morescien- 
ti  f  i  c  research  ,isthesoulofNRL.  AtNRL,scienceandtechnologyhave 
never  stopped  raising  the  bar  for  each  other.  The  most  world-chang¬ 
ing  first  fruit  of  this  mutual  bootstrapping  during  NRL's  early  years 
was  the  discovery  of  the  scientific  and  engineering  principles  from 
which  the  U.S.  Navy's  first  generation  of  radar  equipment  was  de¬ 
signed  and  built.  Military  historians  often  say  that  nuclear  bombs 
merely  ended  World  War  II  while  radar  was  the  technology  that  won 
it. 

As  much  as  N  RL's  pre-WWI  I  staff  was  prepared  and  moti  vated  to 
push  into  new  scientificterritory,  the  Laborator/sprimary  sources  of 
funding  until  the  end  of  the  war  ensured  that  NRL's  original  engi¬ 
neering  mi  ndset  woul  d  remai  n  domi  nant.  M  ost  of  the  research  money 
came  from  specific  Navy  Bureaus,  most  notably  the  Bureau  of  Engi¬ 
neering,  whose  commanders  had  specific  problems  they  wanted 
solved.  Those N avy  offi cers who  knew  anyth i ng  about  N RL  perceived 
it  as  a  pi  ace  where  they  could  go  for  help  in  solving  their  particular 
techni  cal  probi  ems  They  were  not  i  nterested  i  n  throw!  ngthei  r  Bureau's 
money  at  researchers  tryi  ng  to  ask  and  answer  basi  c  quest!  ons  about 
how  the  world  works 

As  it  was  for  mostly  everyth  ingel  seat  the  time;  World  War  II  was 
a  turning  point  for  NRL.  The  war  reinforced  the  Laboratory's  prob¬ 
lem-solving,  engineering  culture  It  was  a  time  when  research  and 
development  simply  had  to  yield  real  equipment  that  real  soldiers 
sai  I  ors,  and  ai  rmen  coul  d  use  ASAR  It  was  engi  neeri  ng  on  tight  dead- 
I  i  nes  whose  resul  ts  I  i  teral  I  y  meant  I  i fe  or  death .  To  carry  out  th i  s  work, 
NRL's  ranks  swelled  fivefold  from  several  hundred  before  the  war  to 
more  than  2000  afterward.  It  was  a  frenetic  period  marked  by  the 
unmatched  passion,  unity,  and  sense  of  mission  that  swept  America 
during  World  War  II. 

During  that  expansion,  the  growing  NRL  research  community 
pooled  its  collective  and  ever  more  varying  expertise  to  equip  U.S. 
fighters  with  the  best,  newest,  and  most  capable  equipment.  Radar 
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sets  weredesi  gied,  bui  It,  and  shi  pped  on  short  order,  someti  meswithi  n 
days  Newly  Invented  chennical  brews  for  repelling  sharks  marking 
sailors  lost  at  sea,  and  neutralizing  chemical  warfare  agents  went  out 
by  the  thousands  Like  Edison's  famous  labs  In  Menlo  Park  and  West 
Orange  New  Jersey,  the  Naval  Research  Laboratory  had  become  an 
I  nventi  on  factory  run  by  bri  1 1 1  ant  scl  enti  sts  and  engl  neers  worki  ng  wl  th 
well-equipped  crews  of  superlative  machinists  and  craftsmen  who 
could  flesh  out  the  most  sophisticated  and  complex  blueprints 

At  the  same  tl  me  Worl  d  War  1 1  became  a  showcase  for  the  way  a 
cl  ose  marri  age  of  engl  neerl  ng  bravado  wl  th  I  eadi  ng-edge  basi  c  scl  ence 
can  change  all  of  the  rules  Most  emblematic  of  what  could  come  of 
such  a  union  was  theManhattan  Project  and  ItsterrIfyIngnucI  ear  weap¬ 
ons  Radar  (a  simultaneous  Invention  In  several  places  around  the 
worl  d) ,  synthetl  c  rubber  to  repi  ace  embargoed  sources  of  natural  rub¬ 
ber,  antibiotics,  andtheproxlmltyfuse(whlch  madeantl-alrcraftord- 
nance  and  fl  el  d  arti  1 1  ery  more  I  ethal  by  tri  ggerl  ng  detonatl  ons  when 
the  weapons  got  to  an  optimum  distance  from  targets)  were  some  of 
the  other  more  consequent!  al  offspri  ng  from  this  marri  age  The  mas 
sive  organizations  of  civilian  scientists  that  formed  to  expedite  these 
crash  R&D  efforts  ended  up  setting  a  national  trajectory  for  science 
and  technology  that  only  in  the  past  few  years  has  come  into  ques 
tion. 

Astheend  of  war  approached,  there  was  no  question  I  n  them!  nds 
of  NRL's  ranking  researchers  and  decision  makers  that  a  culture  of 
curiosity-driven  science  one  emulating  the  academic  model  of  scien- 
tifi  c  research,  had  to  become  a  partner  with  the  probi  em-sol  vi  ng  engl  - 
neerl  ng  culture  that  had  taken  root  from  the  beginning  and  was 
strengthened  during  wartime  World  War  II  was  the  most  scientific 
war  ever.  It  forcefully  showed  that  today's  science  was  the  seed  corn  of 
tomorrow's  technological  harvest.  What's  more  the  war  experience 
proved  how  short  the  transition  from  science  to  technology  can  be 

Theadoption  of  this  more  speculative  research  culture  at  NRL  be¬ 
came  possible  in  good  part,  because  of  the  post-war  creation  of  the 
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Office  of  Naval  Research  (ONR),  which  was  chartered  to  foster  the 
long  view  of  naval  technology  built  on  basic  science  NRL  became 
ONR's  science-oriented  in-house  laboratory.  Today,  ONR,  which  dis¬ 
tributes  roughly  $860  millionHo  research  groups  at  universities  and 
i  ndustri  es,  sti  1 1  typi  cal  I  y  suppi  i  es  cl  ose  to  thi  rty  percent  of  N  RL's  re¬ 
search  funding,  which  has  amounted  to  over  $800  million  in  recent 
years.  The  shift  to  ONR  meant  that  NRL  no  longer  would  rest  within 
an  administrative  parent  I  ike  a  Navy  bureau  whose  focus  on  solving 
near-term  problems  would  curtail  N RL's  potential  to  push  scientific 
as  well  as  engineering  frontiers  The  door  had  opened  to  NRL's  be¬ 
coming  the  N  av/s  corporate  I  aboratory  i  n  the  way  Bel  I  Laboratori  es 
( now  Lucent  Technol  ogi  es)  was  the  corporate  I  aboratory  for  AT&T. 

The  beginnings  of  yet  another  research  culture  arrived  at  about 
the  same  ti  me  that  ONR  came  i  nto  exi  stence  I  n  a  14-year  sequence 
that  began  with  the  capture  of  German  V-2  rockets  at  the  end  of  the 
War  and  ended  in  1958  with  the  creation  oftheNational  Aeronautic 
and  Space  Administration  (NASA),  NRL  became  one  of  the  nation's 
hotbeds  of  both  rocket  engi  neeri  ng  and  rocket-borne  sci  ence  These 
efforts  were  i  n  the  young  traditi on  of  the  M  anhattan  Pro] ect  i  n  that 
they  required  large  teams  working  on  many  pieces  that  had  to  be 
integrated  into  large  systems  Even  after  most  of  NRL's  homegrown 
rocket  sci  enti  sts  and  engi  neers  became  a  maj  or  foundati  on  pi  1 1  ar  of 
NASA  i  n  1958,  the  culture  of  satel  I  ite  engi  neeri  ng  remai  ned  at  N  RL 
and  then  grew  i  nto  a  thi  rd  major  research  and  devel  opment  culture— 
the  others  being  basic  science  and  a  more  ground-based  arena  of 
applied  science  and  engineering.  Much  of  what  this  third  culture  at 
NRL  has  done  remai  ns  secret  since  its  major  clients  and  supporters 
were  the  I  i  kes  of  the  N  ati  onal  Recon  nai  ssance  Offi  ce  ( N  RO ) . 

In  addition  to  thesethree  prominent  intermingling  research  cul¬ 
tures  at  N  RL,  other  cultural  factors  have  al so  hel  ped  determi  ne  N  RL's 
unique  research  venue  Perhaps  most  prominent  among  them  is  the 
balance  between  unclassified  research  and  classified  work.  On  NRL's 
research  staff  are  those  who  would  prefer  to  stay  as  far  away  from 
classified  research  as  they  can.  They  essentially  are  university  profes- 
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sors  at  a  military  laboratory.  To  many  of  them,  doing  science  in  secret 
is  anathema  to  the  free  and  open  communication  by  which  thescien- 
tific  tradition  normally  operates  Of  course  thisdoesnotstopthe"aca- 
demic"  types  at  N RL  from  finding  applications  of  their  work  within 
classified  projects,  especially  if  hard-to-find  funding  can  be  had. 

Others  at  N  RL  have  I  i ved  thei  r  research  I  Ives  enti  rely  with!  n  the 
classified  arena.  Ask  one  of  these  researchers  what  they  do  and  you 
stand  a  good  chance  of  eliciting  the  most  hackneyed  joke  amongst 
the  classified  research  tribe:  "I  could  tell  you,  but  then  I  would  have 
to  kill  you."  Of  course;  with  alittlecare  and  with  assi  stance  from  NRL 
editors  and  security  experts,  manyofNRL's  classified  projects  do  yield 
unci  assi  fi  ed  pubi  i  cat!  ons  I  t's  often  si  mpl  y  a  matter  of  removi  ng  key- 
wordsfrom  manuscri  ptsor  I  eavi  ngout  actual  val  uesof  measurements 
That  i  s  how  many  researchers  at  N  RL  successful  I  y  straddi  e  the  cl  assi- 
fied  and  unclassified  research  worlds 

Another  important  determinant  of  NRL's  multifaceted  research 
culture  is  the  way  the  research  gets  chosen  and  funded.  Since  ONR 
funds  only  a  portion  of  the  annual  research  budget,  the  rest  of  the 
budget  must  come  from  other  sponsors,  who  may  choose  to  fund 
work  at  N  RL  or  i  nstead  choose  to  put  thei  r  money  i  nto  other  govern¬ 
ment,  industry,  or  academic  labs  These  sponsors  include  other  units 
in  theNavyand  elsewherein  the  military  establishment;  unitsofthe 
nati  on's  i  ntel  I  i  gence  network  i  ncl  udi  ng  the  N  ati  onal  Securi  ty  Agency 
(NSA)  and  NRO;  and  civil  organizations  such  as  NASA,  the  Federal 
Aviation  Administration  (FAA),  and  the  Department  of  Transporta- 
ti  on  ( DoT) .  Si  nee  the  1980s,  N  RL  researchers  have  been  worki  ng  more 
and  more  with  private  firms  on  a  cost-shared  basis  under  Coopera¬ 
tive  Research  and  Development  Agreements,  or  CRADAs  So  thespon- 
sor  roster  is  long  and  diverse  and  getting  more  so.  Thismulti -sponsor 
arrangement  means  that  N  RL  scientists  usual  I  y  have  to  compete  with 
other  suitors  for  support.  For  better  or  worse  the  system  tends  to  turn 
N  RL  researchers  i  nto  entrepreneurs  of  sorts 

NRL's  blend  of  research  cultures  and  resources  has  yielded  im¬ 
portant  results,  earning  the  Laboratory  a  place  in  the  big  leagues  of 


10  ♦  Pushing  the  H  orizon 


institutionsthathaveinfluencedthetechnoscape  Considerthissmall 
sd  ecti on  of  N  RL  trophi  es: 

♦  J  ust  as  the  Laboratory  was  openi  ng  its  doors  i  n  1923,  H  arvey 
C.  Hayes,  NRL'stop  scientist  in  underwater  sound,  was  witnessing 
heartening  results  from  a  new  apparatus  he  had  designed  that  used 
thespeed  of  sound  in  water  to  rapidly  determine  ocean  depth.  Using 
the  apparatus  (then  calledtheSonicDepth  Finder  and  now  known  as 
a  fathometer)  aboard  the  destroyer  USSStei/i/arf,  H  ayes  and  his  crew 
began  surveying  enormous  swaths  of  the  ocean  floor  with  unprec¬ 
edented  accuracy  and  speed.  This  wasthe beginning  of  NRL's  unend¬ 
ing  project  to  understand  the  ocean  environment. 

♦  In  the  1930s,  NRL  scientists  and  engineers  developed  the 
United  States' first  generation  of  radar  technologies  at  a  critical  time 
when  a  half-dozen  other  countries  were  independently  and  secretly 
doi  ng  the  same  thi  ng. 

♦  AsWorld  Warn  intensified  in  theearlyl940s,  NRL  initiated  a 
top  secret  program  with  the  presci ent  goal  of  devel  opi  ng  nuci ear  pro- 
pulsi  on  for  submari  nes.  As  a  result,  N  RL  became  the  fi  rst  U  .S.  gov¬ 
ernment  laboratory  to  separate  uranium  isotopes,  a  first  step  to  pro¬ 
ducing  and  harnessing  nuclear  chain  reactions  The  isotope  separa¬ 
tion  process,  called  thermal  liquid  diffusion,  was  devel  oped  initially 
on  the  NRL  campus  by  physicist  Phil  ip  Abel  son.  In  1944,  hisprocess 
whi  ch  by  then  had  been  seal  ed  up  to  a  I  arge  pi  I  ot  pl  ant  operati  on  at 
thePhiladelphiaNavyYard,  became  a  crucial  component  of  thetech- 
nical  infrastructure  behind  the  world's  first  nuclear  bombs  when  it 
was  put  into  operation  at  a  then  secret  isotope  separation  plant  in 
Oak  Ridge  Tennessee  The  uranium  that  emerged  from  this  process 
became  i  mportant  feedstock  for  a  fi  nal  enri  chment  process  that  I  ed 
to  the  expl  osi  ve  heart  of  the  bomb  that  was  dropped  on  H  i  roshi  ma. 

♦  J  ust  after  the  war,  others  at  N  RL  began  sendi  ng  a  range  of  at- 
mosphere-measuring  instruments  to  unprecedented  altitudes  using 
captured  German  V-2  rockets  As  a  result,  NRL  researchers  simulta¬ 
neously  devel  oped  experti se i  n  thefi  edgi  i  ngfi  el ds of  rocket  engi  neer- 
ing  and  rocket-borne  science  Not  only  would  this  nascent  research 
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community  succeed  in  launching  oneoftheworld'sfirst  artificial  sat¬ 
ellites  in  1958,  but  it  also  helped  launch  the  National  Aeronautics 
and  Space  Admi  n  i  strati  on  I  ater  that  same  year  by  provi  di  ng  the  new 
NASA  with  its  first  157  uniquely  trained  and  experienced  scientists 
and  engineers  In  other  words,  NRL  provided  a  cornerstone  upon 
which  the  ongoing  Space  Age  has  been  built 

♦  One  of  the  most  far-reaching  offshoots  of  NRL's  foray  into 
space  was  its  extensive  role  in  the  conception  and  realization  of  the 
satellite-based  Global  Positioning  System  (GPS).  The  GPS  grew  from 
several  seeds  i  ncl  udi  ng  the  seri  es  of  Ti  mati  on  satel  I  ites  i  n  the  1960s 
and  1970s,  that  NRL  developed  to  bolster  the  navigational  capabili¬ 
ties  of  the  country's  nuclear-missile  carrying,  nuci  ear-propelled  sub- 
mari  neforce  The  GPS  evol  ved  qui  ckl  y  i  nto  an  except!  onal  I  y  val  uabi  e 
resourcefor  a  whole  range  of  military  and  civilian  uses,  onlysomeof 
which  were  envisioned  by  the  system's  originators. 

♦  As  laser  technology  matured  after  its  invent!  on  in  1960,  NRL 
becamea  center  of  hi  gh-power  I  aser  research,  thereby]  oi  ni  ngthecom- 
munity  of  researchers  questing  for  controlled  nuclear  fusion  using 
I  asers  The  work  was  funded  by  the  N  avy  and  the  Department  of  En¬ 
ergy  (DoE) .  Although  the  center  of  gravity  of  this  work  (as  measured 
by  dollars)  would  move  to  the  Lawrence  Livermore  Natl  onal  Labora¬ 
tory  (LLNL)  by  the  mid-1970s,  NRL  never  stopped  developing  a  base 
of  expertise  in  high  energy  lasers,  laser  interactions  with  matter,  and 
laser  fusion.  That  expertise  has  proven  crucial  both  scientifically  and 
for  guidingthebigdecisions  that  go  with  any  national,  multi-billion 
technology  goal  such  asthequestforlaserfusion.  Today,  laserfusion 
research  continues  at  NRL  with  a  DoE-funded  hangar-sized  krypton- 
fluoride  I  aser  s^em  that  can  di  rect  mass!  ve  amounts  of  energy  onto 
ti  ny  mater!  al  sampi  es.  The  ai  m  I  s  to  cl  ari  fy  the  basi  c  mechan  I  sms  by 
which  energyconcentratesordisperseswithin  targets*  which  isafun- 
damental  component  of  the  overal  I  chal  I  enge 

♦  I  n  1985,  two  researchers,  one  of  whom  remai  ns  at  N  RL  after 
more  than  50  years  of  service;  were  awarded  science's  most  coveted 
and  respected  award— a  N  obel  Pri  ze— for  thei  r  work  that  rendered  X- 
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ray  diffraction  a  far  mo  re  versatile  and  powerful  tool  for  revealing  the 
crystal  structures  of  mol  ecul  es  and  materi al s 

♦  I  n  1994,  a  team  of  satel  I  i te  engi  neers  at  N  RL's  N  aval  Center 
for  Space  Technology  oversaw  the  design  and  construction  of  the 
Clementine  spacecraft,  which  mapped  theMoon  with  unprecedented 
detail  while  proving  the  capability  of  new,  lightweight  sensors  and 
other  technologies  for  the  Ballistic  Missile  Defense  Organization 
(BMDO).  Completed  within  a  remarkably  short  time  of  22  months 
from  the  time  of  the  project's  conception  and  at  a  bargain  price  of 
$70  million,  the  Clementine  project  embodied  the  "smaller,  better, 
cheaper,"  mantra  that  NASA  officials  have  said  their  agency  would 
adopt  following  an  era  of  ever  bigger  and  more  expensive  projects 
The  Cl  ementi  ne  mi  ssi  on  became  an  i  nstant  cl  assi  c  i  n  the  space  com¬ 
munity  for  its  innovative  convergenceof  engineering,  design,  and  ex¬ 
ecution. 

These  are  among  NRL's  prouder  (unclassified)  institutional  mo¬ 
ments,  I  ike  the  births,  marriages,  and  deaths  in  human  biographies 
The  foil  owing  narrative  will  show  how  the  pathways  to  NRL's  high 
points  are  punctuated  by  many  fascinating  and  consequential  twists 
and  turns  Moreover,  they  will  show  that  the  Laboratory's  peaks  of 
performance  and  achievement  could  have  emerged  only  from  under¬ 
lying  scientific  and  technical  strata  that  are  sturdy,  dependable  and 
someti  mes  stri  ki  ng  i  n  thei  r  own  ri  ght. 

It  all  began  in  1915  with  a  global  tragedy. 


Chapter  2 


The  Laboratory 
That  Almost  Wasn't 


Itwasan  ocean  away,  butthespreading  European  war  began  com¬ 
ing  home  to  the  United  States  with  lethal  force  in  the  early  Spring  of 
1915.  On  March  28,  as  part  of  an  intensifying  campaign  of  intimida¬ 
tion  by  German  submarines  against  merchant  and  passenger  ship¬ 
ping  in  the  war  zone  around  England,  the  British  passenger  steamer 
Falaba  wastorpedoed  and  sunk.  Amongthedead  was  Leon  C.  Thrasher, 
an  American  citizen.  On  April  28, the C usfi/ng,  an  American  vessel, 
was  attacked  by  a  German  airplane  Three  days  later,  a  German  sub- 
marinetorpedoed  the  American  vessel  Gulflight,  causingthedeathsof 
two  moreU.S.  citizens^ 

Then,  on  May  7,  1915,  the  commander  of  a  German  submarine 
gave  orders  to  torpedo  the  British  ocean  liner  Luatan/a,  which  was 
carry!  ng  more  than  1200  passengers  Astheshi  p  steamed  bythesouth- 
east  coast  of  Ireland  on  itswayfrom  Liverpool  to  New  York,  atorpedo 
struck  the  ship  on  the  starboard  side  and  exploded.  Within  20  min¬ 
utes  the  32,000  ton  vessel  sank.  Of  the  1,198  passengers  who  lost 
their  lives,  128wereU.S.  citizens^ 

Th  e  si  n  ki  n  g  of  th  e  L  ua  tan  / a  was  trau  mati  c  to  th  e  co  1 1  ecti  ve  Ameri  - 
can  psyche  Large-scale  death  dealt  from  underwater  ships  of  a  for- 
ei  gn  navy  was  a  parti  cul  arl  y  col  d,  technol  ogi  cal  form  of  warfare  born 
of  applied  science  and  technology.  Thesubmarine  menace  bolstered 
the  resol  ve  of  the  "preparedness  I  obby,"  whose  members  i  n  Congress 
andtheNavyhad  been  criticizing  the  Secretary  of  the  Navy,  Joseph  us 
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Daniels,  and  the  administration  of  President  Woodrow  Wilson  for 
failing  to  build  up  the  nation's  arsenals  at  a  time  when  American 
i  nterests  cl  earl  y  were  th  reaten  ed 

Within  a  week  of  the  Lusitania  tragedy,  President  Wilson  began 
sending  stern  warnings  to  the  Imperial  German  Government  that  its 
hostile  actions  had  raised  the  ire  of  the  then  neutral  United  States 
'The  Imperial  German  Government  will  not  expect  the  Government 
of  the  United  States  to  omit  any  word  or  any  act  necessary  to  the 
perfo  rman  ce  of  i  ts  sacred  d  uty  of  mai  ntai  n  i  n  g  th  e  ri  ghts  of  th  e  U  n  i  ted 
States  and  its  citizens  and  of  safeguarding  their  free  exercise  and  en¬ 
joyment,"  stated  an  official  letter  to  the  German  Ambassador  ^ 

It  was  at  the  end  of  this  ominous  month  of  growing  global  ten- 
si  on  that  an  arti  cl  e  appeared  i  n  the  N  em  York  Times  Sunday  M  agazine 
that  would  lead  to  the  creation  of  a  military  research  establishment  in 
Washington,  DC  that  would  changetheworld.  Whi  I  ethe  byline  iden¬ 
tified  reporter  Edward  Marshall  as  the  author,  the  article  was  an  al¬ 
most  u  n  broken  q  u  ote  by  Th  o  mas  Al  va  Ed  i  so  n ,  th  e  68-year-o  I  d  Ameri  - 
can  icon  of  inventive  genius  whose  light  bulbs,  phonographs,  and 
movies  had  been  transforming  daily  life  about  how  America  should 
respond  to  the  European  War. 

When  the  article  appeared,  the  part  that  resonated  the  most  in 
Secretary  Dani  el  s  came  toward  the  end: 

"/  believe  that ...  the  Government  should  maintain  a  great 
research  laboratory  jointly  under  military  and  naval  and  civilian 
control.  In  this  could  be  developed  the  continually  increasing  pos¬ 
sibilities  of  great  guns,  the  minutiae  of  new  explosives,  all  the 
technique  of  military  and  naval  progression  without  any  vast  ex¬ 
pense  ...  When  the  time  came,  if  it  ever  did,  we  could  take 
advantage  of  the  knowledge  gained  through  research  work,  and 
quickly  manufacture  in  large  quantities  the  very  latest  and  most 
effective  instruments  of  warfare. 

For  Daniels,  these  highly  visible  words  by  one  of  the  most  fa¬ 
mous  and  respected  men  in  the  world  breathed  life  into  the  long- 
bandi  ed  opi  ni  on  amongst  N  avy  brass  that  such  a  I  ab  madegood  sense 
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The  Naval  Research  Laboratory 
was  conceived  In  1915  during  a 
correspondence  between  the  then 
Secretary  of  the  Navy,  Josephus 
Daniels  (seated  at  his  desk  on  the 
right),  andThomas  Edison,  who  Is 
shown  here  standing  at  his  desk. 


Edison's  words  also  provided  Danidswith  a  potential  means  to 
quiet  his  political  critics  When  the  article  appeared,  the  Wilson  ad- 
mi  ni  strati  on,  Dani  ds  i  ncl  uded,  was  under  i  ncreasi  ng  criticism  for  fai  I - 
i  ng  to  prepare  for  what  to  many  was  the  i  nevitabi e  parti  ci  pati on  of 
theUnited  Statesin  the  war  that  had  been  ragingin  Europe  for  nine 
months  Atthestartof  1915,  the  Wilson  administration  not  only  had 
been  holding  to  a  policy  of  neutrality,  but  it  had  even  amplified  its 
apparent  disinterest  in  war  preparation  with  a  concomitant  intention 
to  decrease  military  expenditures  Even  after  the/,  uatan/a  went  down, 
Wilson's  initial  intention  was  to  remain  neutral  whileslowly  build- 
i  ng  up  the  U  .5.  mi  I  itary  force  over  many  years® 

So  when  Secretary  Dani  d  s  read  the  words  of  Thomas  Edi  son  sev¬ 
eral  weeks  after  the  sin  king  of  the /.us/ tan /a,  hepercdved  a  means  for 
navigating  a  politically  narrow  strait  between  Wilson's  slow-go  ap¬ 
proach  to  military  preparedness*  on  theoneside  and  the  prepared¬ 
ness  I  obb/s  ever  I  ouder  cal  Isfor  a  much  faster  bui  I  dup  and  mobi  I  i  za- 
tion,  on  the  other. 
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Edison'scharacterization  of  the  war  as  "a  matter  of  machi  nes  rather 
than  men"  in  the  N  eiv  York  Times  article  was  the  key  to  a  potential 
compromise  Daniels  surmised.  According  to  thegreat  inventor,  the 
foundation  of  success  in  modern  warfare  was  not  massive  military 
expenditure  and  immediate  mobilization  of  large  standing  military 
forces  Success  would  come  instead  through  the  unparalleled  ability 
to  quickly  develop  and  manufacture  the  best  and  latest  military  tech¬ 
nology  via  the  kind  of  inventive  insight  and  research  that  had  be¬ 
come  the  modus  opera ndi  at  a  growing  roster  of  science- based  Indus 
trial  laboratories  Researchers  and  engineers  at  General  Electric,  Corn¬ 
ing  Glass  Works  Westinghouse  E.l.  duPont  de  Nemours  and,  of 
course  Edison'sown  invention  factory  in  Menlo  Park,  Newjersey,  all 
were  applying  science  in  pursuit  of  new  and  betterthings  "Betterliv¬ 
ing  through  chemistry"  was  how  DuPont  would  later  describe  its  es 
sence  As  Daniels  saw  it,  a  military  version  in  the  form  of  a  naval 
research  laboratory  would  yield  military  brawn  through  the  exercise 
of  brains  focused  on  inventions  of  military  consequence 

OnJuly7,  Daniels  sent  a  letter  to  Edison  askingfor  his  help.  Echo¬ 
ing  the  great  inventor's  own  ideas  described  in  the  A/eiv  York  Times 
arti  cl  e  D  an  i  el  s  wrote: 

"One  of  the  imperative  needs  of  the  Navy,  in  my  Judgment, 
is  machinery  and  facilities  for  utilizing  the  natural  inventive 
genius  of  Americans  to  meet  the  new  conditions  of  warfare  as 
shown  abroad,  and  it  is  my  intention  ...  to  establish,  at  the 
earliest  possible  moment,  a  department  of  invention  and  devel¬ 
opment,  to  which  all  ideas  and  suggestions,  either  from  the  ser¬ 
vice  or  from  civilian  inventors,  can  be  referred  for  determination 
as  to  whether  they  contain  practical  suggestions  for  us  to  take  up 
and  perfect. 

Daniels,  a  former  newspaper  editor  well-versed  in  the  power  of 
the  media,  laid  bare  in  his  letter  the  crucial  public  relations  role 
Edison  could  play: 

"Such  a  department  will,  of  course,  have  to  be  eventually  sup¬ 
ported  by  Congress  with  sufficient  appropriations  made  for  its 
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proper  development ...  To  get  this  support,  Congress  must  be 
made  to  feel  that  the  Idea  Is  supported  by  the  people,  and  I  feel 
that  our  chances  of  getting  the  public  Interested  and  back  of  this 
project  will  be  enormoudy  Increased  If  we  can  have,  at  the  start, 
some  man  whose  In  ventive  genius  Is  recognized  by  the  whole  world 
to  assist  us  In  consultation  from  time  to  time  on  matters  of  suffi¬ 
cient  Importance  to  bring  to  his  attention.  You  are  recognized  by 
all  of  us  as  the  one  man  above  all  others  who  can  turn  dreams  Into 
realities  and  who  has  at  his  command.  In  addition  to  his  own 
wonderful  mind,  the  finest  facilities  In  the  world  for  such  work. 

Having  become  a  de  facto  catalyst  for  this  high  profile  courtship, 
the  A/  ew  York  Times  was  happy  to  pri  nt  a  front  page  story  on  J  uly  13 
about  the  first  outcome  The  headline  read  "Edison  Will  Head  Navy 
Test  Board."  Daniels,  who  was  interested  in  appeasing  the  prepared¬ 
ness  lobby,  could  have  written  the  sub-headline  of  the  article  "Best 
EngneeringGeniusoftheNationtoActwith  Naval  Officers  in  Strength¬ 
ening  Sea  Power."®  Thecrux of  thearticlewasthat  Edison  had  agreed 
to  help  organize  what  became  known  as  the  Naval  Consulting  Board 
(NCB),  whose  charge  would  be  to  identify  and  shepherd  stateof-the 
art  military  inventions  that  would  prepare  the  Uni  ted  States  for  what- 


The  Naval  Consulting  Board  as  well  as  some  Navy  Department 
officials  surroundThomas  Edison  and  Josephus  Daniels,  who  are 
seated  behind  the  desk. 
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ever  military  challenges  might  spring  up.  On  July  16,  theA/ei/i/  York 
r/mes  quoted  Daniels  saying  he  hoped  to  have  "a  great  naval  labora¬ 
tory  in  Washington."^ 

Of  the  board's  two-dozen  initial  members,  22  were  selected  from 
U  national  science  and  engineering  societies  For  the  most  part,  they 
were  luminaries  in  the  realm  of  science  and  technology.  From  the 
American  Chemical  Society,  for  example  came  Leo  FI.  Baekeland,  al¬ 
ready  famous  and  on  hiswayto  great  wealth  for  his  invent!  on  several 
years  earlier  of  Bakelite  the  first  fully  synthetic  plastic  material  that 
would  show  up  in  everything  from  telephones  to  washing  machine 
agtatorsto  brush  handles  Will  is  R.  Whitney,  another  illustrious  mem¬ 
ber  of  the  board,  was  di  rector  of  the  General  El  ectri  c  Company's  cor¬ 
porate  research  laboratory,  a  pioneer  facility  founded  in  1900  that 
becameamodel  for  company  after  company.  RunningtheNaval  Con¬ 
sulting  Board  as  its  chairman  was  Edison.  FI  is  assistant.  Miller  Reese 
Flutchinson,  who  later  claimed  to  have  orchestrated  the  entire  cre¬ 
ation  of  the  Naval  Consulting  Board  including  the  arrangement  of 
the  Edison  interview  with  Edward  Marshall,  was  appointed  to  the 
board  as  a  speci  al  del  egate^ 

Edison  broached  the  idea  of  a  naval  laboratory  during  the  very 
first  meeting  of  the  board  on  October  7, 1915.  The  foil  owing  March, 
a  five-member  delegation  of  the  board,  including  Edison,  briefed  the 
Committee  on  N  aval  Affai  rs  i  n  the  U  nited  States  FI  ouse  of  Represen¬ 
tatives  During  his  remarks,  Edison  surprised  other  members  of  the 
board's  delegation  when  he  described  a  grandiose  and  hardly  realis 
ti  c  vi  si  on  of  a  I  ab  capabi  e  of  fantasti  c  feats  of  engi  neeri  ng  and  man  u- 
facturing,  such  as  building  a  new  submarine  in  15  days  More  cau¬ 
tious  members  of  the  delegation  felt  compelled  to  delicately  assure 
the  committee  that  the  lab  they  were  proposing  would  operate  at  a 
I  ess  reckless  pace  Even  during  this  pitch  to  the  very  governing  body 
that  would  recommend  for  or  againstfederal  funding  for  such  a  labo¬ 
ratory,  internal  differences  on  the  board  were  evident. 

The  Congressmen  apparently  were  neither  alarmed  by  Edison's 
hyperbol  e  nor  by  thefai  I  ure  of  the  del  egati  on  to  cl  earl  y  and  uniformi  y 
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definethepurposeofthe"Experi mental  and  Research  Laboratory,"  as 
the  proposed  facility  first  became  known.  On  August  29,  1916,  fol¬ 
lowing  the  recommendation  bytheCommitteeon  Naval  Affairs,  Con¬ 
gress  appropriated  $1,000,000  for  the  ill-defined  facility. 

What  would  becomethe  Naval  Research  Laboratory,  or  NRL,  now 
exi sted  on  paper.  The  act  of  Congress  appropri  ati  ng  the  Laboratory's 
initial  fundingforfiscal  year  1917  included  thefol  I  owing  description 
of  the  Laboratory's  mission: 

EXPERIMENTAL  AND  RESEARCH  LABORATORY:  For  labo¬ 
ratory  and  research  work  on  the  subject  of  gun  erosion,  torpedo 
motive  power,  the  gyroscope,  submarine  guns,  protection  against 
submarine,  torpedo  and  mine  attack.  Improvement  of  submarine 
attachments  Improvement  and  development  In  submarine  en¬ 
gines,  storage  batteries  and  propulsion,  aeroplanes  and  aircraft. 
Improvement  In  radio  Installations  and  such  other  necessary  work 
for  the  benefit  of  Government  service.  Including  the  construc¬ 
tion,  equipment,  and  operation  of  a  laboratory,  the  employment 
of  scl&itlfic  civilian  assistants  as  may  become  necessary,  to  be 
expended  upon  the  direction  of  the  Secretary  of  the  N  avy  ( limit 
of  cost  not  to  exceed  $1,500,000),  $1,000,0002^ 

The  amount  of  funding,  which  did  reach  the  legally  defined  limit 
of  $1,500,000  in  a  supplemental  appropriation  in  March,  1917,  fell 
si  gn  ifi  canti  y  short  of  the  $5,000,000  startup  cost  and  $2,500,000  an¬ 
nual  operating  cost  that  the  Naval  Consulting  Board  had  estimated 
would  be  needed. 

Inadequatefunding,  however,  was  the  smaller  of  the  obstacles  that 
would  end  up  delaying  the  birth  of  the  Laboratory.  Two  different 
clashes— oneonthescaleof  individual  human  beings,  the  other  on  a 
pi  anetary  seal  e— woul  d  bri  ng  the  paper  I  ab  cl  ose  to  a  sti  1 1  bi  rth  end¬ 
ing. 

The  local  clash  focused  on  the  function  and  location  of  the  new 
lab.  Of  the  61  locations  submitted  by  board  members  and  others, 
i  ncl  udi  ng  Congressmen  lookingto  pump  up  the  prestige  and  visibil¬ 
ity  of  their  districts,  three  became  serious  contenders:  Annapolis, 
Maryland;  Washington,  DC;  and  Sandy  Hook,  New  Jersey. 
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Annapolis  quickly  became  the  majority  choice  It  was  close  to 
Washington,  DC.  It  was  already  the  home  of  the  Naval  Academy  And 
it  was  situated  on  an  accessible  yet  protected  harbor  in  the  Chesa¬ 
peake  Bay  What's  more  it  al  ready  hosted  an  Engi  neeri  ng  Experi  ment 
Laboratory  that  was  suitable  for  relatively  efficient  and  inexpensive 
expansi  on  i  nto  the  more  versati  I  e  N  avy  I  aboratory. 

Edison,  however,  vehemently  argued  that  Sandy  Hook  was  the 
wisest  site  It  was  close  to  New  York,  from  which  all  types  of  supplies 
and  skilled  labor  could  be  had,  he  argued.  It,  too,  was  accessible  to 
Navy  vessels  But  the  real  meat  of  the  rift  was  the  link  between  the 
location  and  thewaythenew  lab  would  be  run.  Sandy  Hook  was]  ust 
40  mi  I  es  south  of  Edi  son's  West  0  range  I  aboratory.  H  e  bel  i  eved  the 
proxi  mi  ty  would  enable  him  personally  to  do  what  was  necessary  for 
thenaval  lab  to  succeed,  an  outcomehewassurepublicopinion  placed 
on  his  shoulders  At  Sandy  Hook,  Edison  could  more  readily  wield 
control  overthelabwithoutinterferencefrom  Naval  officers  and  gov¬ 
ern  ment  officials  whom  he  would  never  trust  to  run  a  useful  research 
laboratory. 

The  "laboratory  always  in  my  mind  has  been  for  only  one  pur¬ 
pose  to  work  under  civilian  conditions  away  from  naval  and  govern¬ 
ment  conditions,"  he  told  the  board  ataNovember  1916  meeting.  It 
was  to  beacivilian  laboratorythat  has  "nothing  to  do  with  theNavy 
exceptthat  if  any  naval  officer  has  an  idea,  he  can  go  there  and  haveit 
made"^^ 

Part  of  Edison'sstrong  disdain  for,  and  opposition  to,  direct  naval 
participation  in  the  lab  likely  derived  from  a  well -publicized  inquiry 
earl  i  er  i  n  the  year  that  bl  amed  a  new  type  of  storage  battery  for  sub- 
mari  nes  bei  ng  devel  oped  by  Edison's  company  for  a  deadi  y  hydrogen 
explosion  on  a  submarine  as  it  sat  moored  in  New  York  harbor.  De¬ 
spite  the  eminent  inventor's  vehement  protest,  the  inquiry  squarely 
blamed  the  Edison  battery,  while  Edison  pegged  the  blame  on  oper- 
ati  ng  procedures  on  the  submari  ne  The  N  av/s  Bureau  of  Engi  neer- 
ing  adopted  the  inquiry's  assignment  of  blame“ 
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The  location  debate  culminated  in  a  December  1916  meeting  of 
theboard.  The  majority  opinion  in  favor  of  theAnnapolissitewon 
out  over  Edison's  lone  demand  that  Sandy  Hook  be  the  place  The 
board's  recommendation  putSecretaryDanielsin  adifficultposition. 
Had  the  lone  dissenter  been  anyone  but  the  iconic  Edison,  Daniels 
may  have  been  abl  e  to  si  mpl  y  I  et  democrat!  c  process  pi  ay  out.  At  the 
same  time  there  was  no  way  he  could  accede  to  the  Edison  plan, 
which  amounted  to  using  Navy  money  to  build  a  laboratory  in  which 
the  N  avy  woul  d  essenti  al  I  y  besubordi  nateto  ci  vi  I  i  ans  Dani  els  chose 
a  third  option:  inaction.  His  hope  was  that  Edison  still  might  be 
swayed. 

But  the  world  did  not  stop  turning  as  the  Edison  vs  the  board 
match  came  to  this  stalemate  In  1916,  German  submarineshad  sunk 
nearlytwiceasmuchtonnageof  British  merchant  ships  than  in  1915. 
The  mariti  me  carnage  conti  nued  to  escal  ate  i  n  1917  to  a  poi  nt  where 
the  Germans  appeared  withi  n  reach  of  thei  r  stated  goal  to  break  the 
island  nation  of  Great  Britain  economically.  That  is  when  the  U.S. 
entered  the  war. 

Submari  nes  were  emergi  ng  as  perhaps  the  pivotal  technol  ogy  i  n 
the  war,  but  other  products  of  mi  I  itary  sci  ence  and  technol  ogy  were 
wreaking  new  and  awful  kinds  of  death  that  would  forever  change 
the  relationship  of  war  and  technology.  For  one  thing,  ever-improv- 
i  ng  mass  manufacturi  ng  practi  ces  were  churni  ng  out  unprecedented 
amounts  of  war  materiel,  arms*  and  munitions  More  ominous  was 
the  German  introduction  on  April  22, 1915  of  the  first  large-scale  use 
of  chemi  cal  warfare  agents  From  cyl  i  nders,  they  rel  eased  168  tons  of 
ground-hugging,  yellow-green  chlorine  gas  into  the  trenches  on  the 
Western  Front  in  Ypres,  France  The  Allies  suffered  5,000  casualties. 

It  now  had  become  a  chemist's  war,  too.  There  would  be  no  turni  ng 
back— warfare  and  science  had  become  inextricably  connected. 

Meanwhile  Edison  remained  unmoved  in  hisopinion  that  Sandy 
Hook  was  the  appropriate  location  for  the  unborn  Navy  laboratory 
and  no  forward  action  was  taken  to  makethelaboratory  real.  Ashis 


22  ♦  Pushing  the  H  orizon 


torian  David  Allison  put  it,  "the  same  stubbornness  that  had  charac¬ 
ter!  zed  the  i  nventor's  search  for  a  practi  cal  I  i  ght  bul  b,  whi  ch  the  worl  d 
of  science  had  called  impossible  now  determined  his  stand  on  the 
research  laboratory."^® 

In  lieu  of  the  new  corporate  Navy  laboratory  where  researchers 
shoul  d  al  ready  have  been  at  work  on  research  cruci  al  to  the  N  avy,  the 
Navy  expanded  efforts  at  its  Radio  Research  Laboratory,  then  housed 
at  the  National  Bureau  of  Standards  (NBS)  on  Connect!  cut  Avenue  in 
Washington,  DC,  and  attheAircraft  Radio  Laboratory  at  theAnacosti  a 
Naval  Air  Station.  Some  antisubmarine  work  was  underway  at  the 
Engineering  Experiment  Station  in  Annapolis,  but  the  Navy  set  up 
new  groups  in  this  field  at  Nahant,  Massachusetts  and  at  New  Lon¬ 
don,  Connecticut. 

In  an  attempt  to  end  the  del  ay  in  the  opening  of  the  Navy's  corpo¬ 
rate  laboratory,  Frank  J.  Sprague  a  member  of  the  board  who  had 
graduated  from  the  Naval  Academy  and  became  well-known  for  de¬ 
velop!  ng  el  ectri  c  trol  I  ey  trai  ns  i  n  the  U  .S.  and  other  countri  ee  i  ncl  ud- 
ing  Germany,  wrote  to  Edison: 

“This  is  a  frank  attempt  to  compose  the  present  unfortunate  con¬ 
ditions  of  affairs  and  save  the  N  avai  C  onsuiting  Board  and  pos- 
sibiy  the  Secretary  of  the  N  avy,  from  very  un  pi  easant  criticism.  A 
year  and  a  haif  has  passed  since  C  ongress  appropriated  a  miiiion 
doiiars  for  the  creation  and  operation  of  An  Experimentai  and 
Research  Laboratory'  At  the  time  of  this  appropriation  a  iarge 
part  of  the  worid  was  at  war,  but  despite  the  fact  that  for  neariy 
ten  months  we  have  ourseives  been  invoived  in  this  vast  confiict, 
the  end  of  which  no  one  can  foresee,  the  navai  iaboratory  re¬ 
mains  a  dream.  N  o  site  has  been  seiected,  no  detaiied  pians  de¬ 
termined,  no  constructive  steps  whatever  taken.  And  why?  Be¬ 
cause  of  differences  of  viewpoint  which  have  thus  far  prevented 
that  unanimity  of  decision  which  the  Secretary  of  the  N  avy  has 
so  strongiy  urged  as  a  bass  for  his  officiai  action. 

In  thisletter,  dated  January  30, 1918,  Sprague  gave  Edison  an  ulti¬ 
matum.  Eitherjoin  in  acompromisein  which  the  Laboratory  is  built 
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at  a  Washington,  DC  site  known  as  the  Beiievue  Magazine  or  dis¬ 
band  the  board  enti  rei  y.  The  i  after  choi  ce  undoubtedi  y  woui  d  i  ead  to 
humiiiating  Congress! onai  inquiries  and  the  in  utero  death  ofaiab 
that  everyone  i  nvoi  ved  sti  i  i  wanted  to  be  born . 

Everyone  except  for  Edison,  that  is  H  is  response  to  Sprague's  en¬ 
treaty  was  to  stop  participating  in  the  pianning  of  the  Laboratory 
Distastefui  as  thejiiting  might  have  been,  itaiso  meant  that  the  great 
inventor  was  no  ionger  biocking  the  way  Board  members  quickiy 
recommended  the  Beiievue  site  to  the  Navy  Department  and  they 
drew  up  pians  for  the  Laboratory's  physicai  pi  ant.  By  mid-year,  the 
pianshad  been  approved  and  were  in  the  hands  of  Secretary  Dan  ieis 
and  the  heads  of  the  Navy's  materiei  bureaus  such  as  the  Bureau  of 
Steam  Engineering  and  the  Bureau  of  Ordnance  for  whom  the  Labo¬ 
ratory  was  intended  to  serve  Danieis  remained  troubied  by  Edison's 
estrangement,  however.  Without  Edison's  imprimatur,  Danieis  stiii 
refused  to  sign  off  on  the  project. 

By  the  end  of  Wori  d  War  i  on  N  ovember  U,  1918,  the  Laboratory 
remained  trapped  in  biueprints  By  now,  the  board,  which  stiii  feit 
the  Laboratory  ought  to  be  bui  it,  feit  i  mpotent  to  take  the  matter  any 
further,  if  the  Laboratory  was  ever  going  to  become  a  reai  pi  ace  the 
momentum  wouid  have  to  come  from  eisewhere 

Aimost  a  year  iater,  on  October  1, 1919,  that  momentum  arrived. 
At  the  urgi  ng  of  the  recent!  y  promoted  Rear  Admi  ra!  Wi ! !  i  am  Strother 
Smi  th,  who  had  been  the  N  avy's !  i  ai  son  to  the  N  avy  Consu! ti  ng  Board 
throughout  Wo  rid  War !,  the  chiefs  of  the  materia!  bureaus  (Bureaus 
of  Steam  Engineering,  Construction  and  Repair,  Ordnance  and  Yards 
and  Docks)  sent  Secretary  Danieis  a  memorandum  recommending 
the  "construction  of  the  Nava!  Experimenta!  and  Research 
Laboratory . . .  after  the  genera!  !  i  nes  of  the  report  of  the  N  ava!  Con- 
suiting  Board. 

Now  coming  from  hi  sown  Navy  brass  Danieis  finaiiyacknowi- 
edged  the  recommendation  and  authorized  construction  of  the  Labo¬ 
ratory  at  the  Be! !  evue  si  te  A  constructi  on  contract  was  granted  a  year 


24  ♦  Pushing  the  H orizon 


later  and  ground  finally  was  broken  on  Decennber  6, 1920.  By  mid- 
1923,  the  Laboratory's  original  cluster  of  five  buildings  along  the 
Potomac  Ri  ver  j  ust  across  from  Al  exandri  a  woul  d  be  ready  for  i  ts  ten¬ 
ants 

Thesitewasin  asection  in  thesoutheast  sector  of  thecapitol  city 
j  ust  south  of  where  the  Anacosti  a  Ri  ver  fl  ows  i  nto  the  Potomac  Ri  ver. 
Although  a  new  pier  had  to  bebuiltto  accommodate  Navy  vessels  it 
was  a  convenient  location  for  the  new  lab.  For  one  thing,  the  U.S. 
Navy  had  purchased  a  portion  of  these  grounds  in  1873  in  order  to 
relocate  an  explosives-laden  Naval  magazi ne  at  the  U .5.  Navy  Yard 
that  had  been  on  the  other  side  of  the  Anacosti  a  River.  That  move 
occurred  after  the  city's  Board  of  Health  deemed  the  original  location 
of  the  magazi  ne  too  cl  ose  to  the  Whi  te  H  ouse  for  comfort.^ 

Just  before  work  on  the  grounds  began,  Daniels  made  one  last- 
ditch  attempt  to  secure  the  support  from  Edison  that  had  proven  as 
elusive  as  it  was  desired.  In  the  letter,  Daniels  said  he  was  going  to 
push  for  civilian  direction  (in  cooperation  with  Naval  officers)  of  the 
Laboratory  and  he  wanted  Edison  to  outline  the  "plans  and  di rec¬ 
ti  on"  of  thi  s  arrangement.  The  73-year-ol  d  i  nventor  answered  by  for¬ 
mally  resign!  ng  from  the  Naval  Consulting  Board. 

As  it  turned  out,  Edison's  fear  that  the  Laboratory  would  be  run 
byNaval  officers  was  borne  out.  Part  of  the  transit!  on  of  the  Wilson 


Secretary  Daniels 
breaks  ground  for 
Building  1  in  1920. 
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administration  to  the  administration  of  the  new  president,  Herbert 
H  0  over,  was  th  e  repi  acement  of  D  an  i  el  s  wi  th  th  e  n  ew  Secretary  of  th  e 
Navy,  Edwin  Denby.  In  a  prescient  letter  to  Denby  dated  March  17, 
1921,  thechai  rman  of  theN  aval  Consult!  ng  Board,  Wi  1 1  i  am  Saunders, 
recommended  that  Naval  officersou^tto  betheexecutives  who  carry 
out  Navy  Department  policy  at  the  Laboratory,  but  that  technically 
trained  civilians  unencumbered  by  Navy  traditions  ought  to  be  in 
charge  of  the  experimental  work.  "Itisthehopeof  alargemajorityof 
this  Board  that  you  will  decideto  placeacivilian  directorin  chargeof 
the  laboratory,"  wrote  Saunders. Nevertheless,  six  months  later, 
Denby  appointed  Rear  Admiral  William  Strother  Smith  as  the 
Laboratory's  first  director  in  recognition  of  his  important  role  in  the 
Laboratory's  gestation.  But  Smith  retired  two  days  later,  and  his  suc¬ 
cessor,  Captain  E.L.  Bennett,  was  named  to  the  post  several  months 
later.  (A  listing  of  all  of  the  military  directors  and  commanding  offic¬ 
ers  for  N  RL's  fi  rst  75  years  appears  i  n  Appendix  A.) 

Meanwhile  the  Laboratory  bull  dings  were  also  slowly  emerging 
from  farmland  on  the  Bellevue  site  in  1922.  However,  a  potential 
show-stopper  loomed.  Congress  had  not  appropriated  a  single  dollar 
forrunningtheLaboratoryin  1923  when  itiooked  I  ike  the  new  facil¬ 
ity  would  actually  be  ready  for  business.  With  neither  a  war,  nor 
Daniels,  nor  Edison,  to  champion  the  Laboratory's  cause  legislators 
in  Congress  were  unmoved  by  the  pleas  for  a  piddling  $100,000  of 
operating  funds  for  fiscal  year  1923  by  Captain  E.L.  Bennett,  who 
already  had  succeeded  Admiral  Smith  asthe  unbudgeted  Laboratory's 
di  rector. 

Although  Congressdidfinallycomethrough  with  that  small  sum 
in  1924,  the  money  didn't  even  cover  overhead  and  staff  salaries  So  if 
any  of  the  Navy  bureaus  wanted  the  Laboratory  to  look  into  some 
problem,  they'd  have  to  pay  for  the  work  from  their  own  budgets 
Only  the  Bureau  of  Engineering  opened  its  purse  and  embraced  the 
Laboratory  as  an  opportunity.  At  the  urgi  ng  of  offi  cers  under  hi  m,  the 
Bureau's  chief.  Admiral  J.K.  Robinson,  authorized  his  Bureau's  own 
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research  in  radio  and  sound,  which  focused  on  submarine  detection 
( and  that  had  been  di  spersed  across  many  faci  I  i  ti  esand  the  N  avy  Yard) , 
to  be  central  i  zed  at  the  new  Bel  I  evue  I  aboratory. 

Even  beforethe  Laboratory's  commissioning,  Admiral  Smith  re¬ 
ceived  a  request  by  the  Bureau  of  Engineering  to  set  up  shop  in  the 
top  floor  of  the  new  bull  ding  designated  for  research.  He  then  paid  a 
visitto  Commander  Stanford  C.  Hooper,  head  of  the  Bureau's  Radio 
Division  andtheman  who  initiated  theBureau'sconnecti on  with  the 
Laboratory.  "[Admiral  Smith]  told  me  that  not  a  single  desk  of  any 
Bureau  had  requested  any  space  or  help  there  at  the  Naval  Research 
Laboratory  except  my  division,"  Hooper  later  recalled.  "So  he  said, 
*¥00  can  have  the  whol  e  pi  ace  You  j  ust  tel  I  me  what  you  want  to  do 
down  there  and  send  down  your  men  and  the  money  and  I  wi  1 1  have 
it  done]  ust  the  way  you  say  and  your  men  will  be  directly  under  your 
division. "21 

The  Laboratory  finally  was  no  longer  merely  ideas  in  peoples' 
mi  nds  or  drawl  ngs  on  paper.  I  tsfi  rst  bui  I  di  ngs  were  nearl  y  compi  eted. 
It  had  a  director.  And  there  were  two  dozen  researchers  at  the  Naval 
Radio  Research  Laboratory  at  the  National  Bureau  of  Standards,  the 
Aircraft  Radio  Laboratory  at  the  Naval  Station  in  Anacosti  a,  and  at  the 
Annapolis  Experiment  Station  in  Maryland  (where  sound  researchers 
working  on  submarine  detect!  on  previously  in  New  London  had  been 
transferred)  waiting  to  move  in. 

The  NRL  that  awaited  itschristeningonthehotsunnymorningof 
July2, 1923  was  composed  of  a  cluster  of  white  painted  buildings  of 
industrial  appearance  on  27 V2  acres  of  weedy,  construction-marred 
grounds  Bui  Idi  ng  1  served  a  hodgepodgeof  functions  It  had  theonly 
research  faci  I  i  ti  es  wh  i  I  e  al  so  h  ousi  n  g  admi  n  i  strati  ve  offi  ces,  a  h  uman- 
operated  tel ephone  switchboard,  and  the  I  i  brary.  The  M  achi  ne  Shop 
and  Foundry  were  equipped  with  a  stateof-theart  complement  of 
heavy  and  industrial  machinery:  lathes  mil  ling  machines,  drills  bor¬ 
ers  grinders,  metal  punches,  band  saws,  jigs  saws,  metal  melting  fur¬ 
naces  forges,  and  strap  hammers  A  rai  I  road  track  owned  by  the  B&O 
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Railroad  company  ran  directly  into  the  largest  machine  bay  so  that 
especially  heavy  equipment  could  beunloaded  bycranedirectlyfrom 
the  cars 

Forming  a  line  with  the  shop  buildings  toward  the  river  was  a 
power  station  with  a  tall  smokestack.  Its  location  along  the  edge  of 
Poto  mac  Ri  ver  made  boat  del  i  very  of  coal  a  rel  ati  vel  y  easy  affai  r. 

Just  south  and  east  of  the  grounds  were  cornfields  overgrown 
riverbanks  a  homefor  the  aged  and  infirm,  a  burial  ground  for  hun¬ 
dreds  of  Washington,  DC's indi gent  dead,“  and  farmland  destined  to 
become  the  Bl  ue  PI  ai  ns  Sewage  Treatment  pi  ant. 

Peeri  ng  upri  ver  from  the  Laboratory's  power  stati  on,  theeye  woul  d 
have  been  drawn  to  theaudacious  Washington  Monument.  Thestark 
obelisk's  skyward  attitude  aptly  symbolized  both  the  Capitol's  grow¬ 
ing  geopolitical  i mportance  and  also  the  literally  extra-global  reach 
the  Laboratory  itself  would  earn  in  both  military  and  civilian  arenas 

The  primary  official  speaker  at  the  ceremony  was  the  Assistant 
Secretary  of  the  Navy,  Theodore  Roosevelt,  Jr.,  son  of  former  Presi- 


l\IRL  In  Its  first  year,  192 3. 
Building  1,  which  housed 
the  Laboratory's  first 
research  spaces,  stands  by 
Itself  In  the  foreground. 
Starting  from  the  bank  of 
the  Potomac  River  and 
forming  a  line  opposite 
Building  1  Is  the  coal-fired 
power  station,  pattern  shop, 
foundry,  and  machine  shop. 
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dent  Teddy  and  cousin  of  thefuture  president  Franklin  D.  Roosevelt. 
Hestood  on  thefrontstepsof  a  brand  new  three-story  building  that 
his  Navy's  Bureau  of  Docks  and  Yards  had  built.  Having  had  averted 
several  near  abortions  during  its  troubled  seven-year  gestation  since 
its  conception  in  1915,  the  Laboratory  finally  had  made  it  to  an  ac¬ 
tual  birthday. 

Theodore;  J  r.'s  address  was  not  recorded,  but  historian  David  K. 
Allison  surmisestheyoungRooseveltlikelyreiterated  asentimenthe 
had  conveyed  earliertotheHouseSubcommitteeon  Appropriations 
"I  feel  very  strongly  that  the  Navy  must  not  be  allowed  to  petrify," 
Roosevelt  told  the  Subcommittee  the  previous  year.  "We  will  petrify 
uni  ess  we  are  constanti  y  reach!  ng  out  for  new  and  better  thi  ngs  The 
research  laboratory  is  in  direct  line  with  thisthought."^^ 

On  theday  of  the  commissioning,  theAssistant  Secretary  was  al¬ 
most  certainly  unaware  that  one  of  those  "new  and  better  things" 
had  al  ready  dawned.  Two  of  theN  aval  Research  Laborator/sfi  rst  hires 
in  the  Radio  Division,  A.  (Albert)  HoytTaylorand  Leo  C.  Young,  had 
registered,  even  before  the  Laboratory's  doors  officially  opened,  an 
historic  observation  of  radio  waves  reflect!  ngfromthewooden  steamer 
Dorc/iesfff"  that  happened  to  bepassing  by  on  the  Potomac.  Itwasone 
of  the  fi  rst  gl  i  mpses  of  what  was  to  become  known  as  radar.  Tayl  or's 
and  Young's  observation  presaged  NRL's  role  in  effecting  dramatic 
changes  not  only  in  the  U.S.  Navy  but  in  the  entire  technological 
landscape 

Listening  to  Theodore  Roosevelt,  Jr.,  at  the  commissioning  cer¬ 
emony  were  N  avy  offi  cers,  members  of  the  I  aboratorysfi  rst  few  dozen 
empi  oyees,  and  thei  r  guests  Al  so  attend!  ng  were  several  members  of 
the  Naval  Consulting  Board.  Notably  absent  was  Thomas  Edison.  If 
he  were  there,  he  probably  would  have  had  a  smirk  on  hisface  Ashe 
saw  it,  the  Laboratory  was  not  the  way  bethought  it  ought  to  be  and 
so  wasdesti  ned  to  becomea  cash-  sappi  ng  government  fad  I  ity  where 
used-upNavy  offi  cers  wouldgo  and  from  which  nothinguseful  would 
emerge 
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Not  a  single  repo  Iter  from  Washington,  DC  ventured  to  the  other 
side  of  the  Anacostia  and  Potomac  Rivers  to  attend  the  ceremony, 
although  thejuly  1  l/l/asf?/ngton  Star  did  mention  the  Laboratory's  i  m- 
minent  opening. 

"For  the  rest,  the  openi  ng  of  the  new  venture  passed  al  most  un- 
noti  ced,"  wrote  A.  H  oyt  Tayl  or  as  he  recal  I  ed  the  fi  rst  25  years  of  N  RL 
many  years  later.  Hehad  bythen  becomeworldfamousfor  hisrolein 
the  i  nventi  on  of  radar. 


Chapter  3 


First  Steps 


NRL'soriginal  physical  endowment  indeed  was  humble  Itsstart- 
i  ng  compi  ement  of  about  20  researchers  and  techni  ci  ans  al  I  of  them 
men,  brought  their  own  research  equipment  with  them,  some  of  it 
even  arri  vi  ng  by  barge  The  hangar-1  i  keshop  bui  I  di  ng  mi  ght  have  been 
nearly  empty  at  first  had  the  Navy  not  received  34  train  cars  of  sur¬ 
plus  machinery  and  equipment  from  the  Army.  Another 25 train  cars 
worth  of  scrap  materials— cables,  antenna  wire  hunks  of  brass  and 
copper,  meters,  and  countless  components  from  old  or  not-yet-built 
radio  and  sound  equipment— that  would  affectionately  become 
known  as  "the  dump"  arrived  at  the  Laboratory  along  with  the  two 
submarine  detection  researchers  who  came  from  the  Naval  Experi¬ 
ment  Station  in  N  ew  London  to  compriseNRL's  entire  original  Sound 
Division. 

Albert  Hoyt  Taylor,  the  only  card-carrying  physicist  on  the  Radio 
Division's  original  staff  of  18  and  who  was  destined  to  achieve  the 
ki  nd  of  i  nstituti  onal  stature  that  gets  campus  streets  named  after  you, 
rated  "the  dump"  as  a  godsend  during  the  Laboratory's  "lean  and 
hungry  days  of  the  middle  and  late  'twenties,"  as  Taylor  described 
them  later  in  a  memoir.  WroteTaylor:  "TheFoundrywasableto  make 
use  of  a  great  many  of  the  metal  parts  [from  the  dump],  recasting 
them  into  devices  designed  by  the  Laboratory  engineers. . .  Itwasno 
uncommon  sighttoseetwo  orthree  engineers  pokingaround  through 
this  pi  le  I  ooki  ng  for  some  usabi  e  item."^ 
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Albert  HoytTaylor,  senior  radio  scientist  at  the  Laboratory 
until  his  retirement  afterWorldWar  II 


These  were  years  when  direct  Congressional  appropriations  for 
N  RL  i  nched  slowly  upward  from  zero  dol I ars  i n  1923  to  $200,400  i  n 
1929.  Total  funding,  with  the  majority  coming  from  the  Navy's  Bu¬ 
reau  of  Engineering  and  Bureau  of  Ships,  rose  from  about  $296,000 
to  a  high  of  $569,000  in  1928.^  The  original  vision  of  the  Naval 
Consulting  Board  called  for  an  operating  budget  of  nearly  five  times 
that  peak  value  Frugality,  therefore  was  more  of  a  necessity  than 
a  virtue 

M  oney  was  j  ust  one  of  the  earl  y  worn  es  The  el  ectri  cal  di  stri  bu- 
tion  ^em  wasfarfrom  complete  when  theLaboratory  opened.  Power 
to  run  the  research  equi  pment  i  n  Bui  I  di  ng  1  was  run  from  the  master 
switch  box  through  temporary  wi  res  runni  ng  al  ong  wal  Is  and  fl  oors 
N  i  ght-ti  me  work  was  done  under  a  maddeni  ng  fl  i  ckeri  ng  I  i  ght  si  nee 
the  homemade  system  for  converting  the  25-cycleper-second  electri¬ 
cal  supply  from  the  Potomac  Power  Company  into  a  conventional 
60-cycle-per-second  supply  (afrequency  hi  ^  enough  that  human  eyes 
do  not  discern  its  ebbs  and  flows  through  lights)  was  shut  off  every 
day  at  4:30  PM.  For  years,  there  was  no  heat  in  the  winter  for  the 
off!  ces  on  the  top  fl  oor  of  Bui  I  di  ng  1. 

Bal  and  ng  such  shortfal  I  s  i  n  the  physi  cal  pi  ant  at  the  Bel  I  evue  si  te 
was  the  abundance  of  tal  ent  amongst  N  RL'sfi  rst  sci  entistSy  engi  neers. 
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machinists,  draftsmen,  tooi makers  iaborers,  and  administrators  Coi- 
iectiveiy  they  brought  with  them  the  kind  of  iaboratory  experience 
engi  neeri  ngski  i  i ,  and  machi  ni  ng and  manufacturi  ng  know-how  needed 
to  devise  and  buiid  state-of-the-art  equipment,  mostiy  in  the  category 
of  radio  communication  gear.  Oneparticuiariyvaiuabieingredientof 
N  RL's  brew  of  human  capabi  i  ity  wasthe  ki  nd  of  raw  sci  entifi c  acumen 
that  sees  seeds  of  important  discoveries  or  technoiogies  in  otherwise 
unassumi  ng  movements  of  di  ai  s  i  n  stati  c  on  speakers,  i  n  stacks  of  si  - 
ient  data,  or  even  in  previousiy  trodden  technicai  territories  deemed 
unpromi  si  ng  by  i  ess  i  magi  native  sci  entifi  c  prospectors 

The  predomi  nance  of  radi  o  research  duri  ng  N  RL's  debut  years  was 
partiy  due  to  the  Bureau  of  Engineering's  initiative  to  consoiidate  its 
handfui  of  physi  cai  i  y  separated  radi  o  research  efforts  i  t  ai  so  was  a  re- 
fiection  of  thetechnoiogicai  and  cuiturai  ascendance  of  radio  during 
the  fi  rst  decades  of  the  20*^  Century 


The  "dump  "a  heap  of  military  surplus,  junked  electrical  equipment,  wire, 
and  scads  of  other  items,  was  a  prized  resource  for  the  Laboratory's  early, 
extremely  money-conscious  researchers. 
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The  technology  of  wirelesstransnnission  of  electromagnetic  sig¬ 
nals,  which  became  known  as  radio,  began  to  take  form  in  the  1880s 
when  the  German  physicist  Heinrich  Hertz  first  demonstrated  the 
practi  calabilitytosendlongdistancesignalsvirtuallyinstantaneously 
between  two  I  ocati  ons  wi  thout  the  use  of  wi  res  physi  cal  I  y  connect!  ng 
the  I  ocati  ons  Li  ke  many  physi  ci  sts  of  hi  s  day,  H  ertz  was  i  nspi  red  by 
the  work  of  the  Engl  ishman  J  ames  Cl  erk  M  axwel  I ,  who  i  n  the  1860s 
and  1870s  I  aid  out  the  general  principles— whose  mathematical  mani¬ 
festations  have  gone  down  in  history  as  "M axwel I's  equations"— by 
which  electricity  and  magnetism  combine  as  the  fountain  of  electro¬ 
magnetic  phenomena.  Within  this  wide-ranging  category  of  nature 
are  such  things  as  the  way  electrical  currents  and  magnetism  can  give 
rise  to  each  other  and  the  manner  by  which  radiation  such  as  light 
and  radio  waves  travel,  propagate  reflect,  and  otherwise  find  their 
way  from  an  origin  to  a  destination. 

Until  Hertz's  demonstrati  on  of  wireless  transmission  of  signals* 
the  most  advanced  communication  was  wire-carried  tel  eg'aphy,  which 
al  ready  by  the  ti  me  of  H  ertz's  demonstrati  on  i  ncl  uded  transoceani  c 
cabi  es  ( Before  radi  o  was  known  as  radi  o,  it  was  cal  I  ed  "wi  rel  esstel  eg- 
raphy")  There  was  no  practi  cal  way  to  I  i  nk  shi  ps  at  sea  to  tel  egraphi  c 
^ems,  however.  So  before  wireless  communication,  ship-to-shipand 
shi p-to-sh ore  naval  communication  had  always  been  limited  to  a  vi¬ 
sual  range  within  which  lights,  hand  signals,  or  flags  could  be  used. 
When  a  sh  i  p  I  eft  i  ts  stati  on ,  i  t  coul  d  be  a  I  ong  ti  me  before  word  passed 
between  the  two. 

The  potential  tactical  power  of  wireless  communications  was  not 
lostontheworld'snavies  Inthefinal  months  of  the  IQ**"  Century,  the 
U.S.  Navy  had  demonstrated  its  first  wireless  communication  using 
equipment  built  by  the  Italian  radio  pioneer  Gugli  el  mo  Marconi.  A 
year  later,  Marconi  would  dazzlethe world  byachievingthefirsttrans- 
atl antic  radio  communication.  By  1915,  theyear  NRL  was  conceived, 
radio  transmitting  and  receiving  equipment  was  proliferating  on  Na¬ 
val  vessels  and  on  much  newer  types  of  airborne  vehicles*  including 
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aircraft  and  dirigibles  All  of  this  radio  equipment  remained  in  early 
stages  of  development  and  was  beset  with  limitationsin  range  qual¬ 
ity  of  reception,  and  user-friendliness^ 

It  would  have  been  niceif  the  Navy  could  have  ridden  the  radio 
wavethatwassweepingtheland.  When  N  RL  opened  itsdoors,  public 
interest  and  commercial  investment  in  radio  broadcasting  was  in  a 
rapid  ascent.  In  these  early  days  of  radio,  commercial  development 
sensibly  focused  on  the  vast  market  for  home  radios  For  one  thing, 
the  Navy  had  specialized  communication  needs  including  compact 
and  mobile  transmitters  suited  for  a  fleet  of  far-flung  seagoing  ships 
and  submari  nes  and  ai  rcraft  whose  constrai  nts  were  even  more  pro¬ 
nounced.  And  given  the  Navy's  role  in  the  world.  Navy  brass  wanted 
radio  systems  capable  of  providing  private  rather  than  public,  com¬ 
munication  whose  whole  point  was  to  reach  whoever  wanted  to  I  is 
ten.  The  sped  al  ized  needs  meant  that  any  devel  opment  costs  borne 
by  industry  to  develop  Navy  equipment  would  likely  gather  far  less 
return  on  the  investment  than  would  be  possible  in  civilian-based 


Louis  Gebhard  was  one  of  NRL's  eariy  radio  engineers.To  his  ieft  is  one 
of  the  Navy's  first  high-power,  high-frequency  radio  sets  that  Gebhard 
designed  for  the  dirigible  Shenandoah. 
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markets  Moreover,  theNavy  was  downsizing  and  so  itrepresented  a 
much  smaller  and  I  ess  promising  market. 

The  "consolidation  of  the  Navy's  research  and  development  ac¬ 
tivities  at  N  RL  i  n  1923  made  the  Laboratory  the  N  av/s  sol  e  i  n-house 
organization  with  full  responsibility  for  advancing  the  Navy's  radio 
capability,  with  littleoutsideassi  stance"  accordingto  LouisGebhard, 
one  of  the  original  radio  engi neers  at  N RL  who  also  would  achieve 
the  status  of  an  eminent  elder.'^  Even  before  NRL  opened,  he  had 
worked  with  Tayl  or  at  the  Great  Lakes  N  aval  Radio  Stati  on  when  they 
were  both  servi  ng  there  i  n  the  N  avy  Reserve  Tayl  or,  a  Chi  cago-born 
physi  cs  professor  before  WWI ,  j oi  ned  the  N aval  Reserve  i  n  1917  and 
by  1923  had  risen  to  become  the  Navy's  leading  radio  scientist.  The 
two  of  them,  Gebhard  and  Taylor,  remain  forever  connected  at  NRL 
at  the  i  ntersecti  on  of  two  campus  roads  named  after  them. 

Besides  Tayl  or,  who  was  the  sole  physi  cist,  head  of  theRadio  Di¬ 
vision,  and  an  "ideas man,"  accordingto  Gebhard,^  mostof  theorigi- 
nal  empi  oyees  i  n  the  di  vi  si  on  were  peopi  e  more  i  ncl  i  ned  to  put  i  deas 
into  hardware;  that  isto  say,  they  were  engi  neers.  Those  pushing  the 
frontiers  of  radio  technology  resembled  today's  computer  aficiona¬ 
dos  Many  of  the  radio  men  at  NRL  had  grown  up  fiddling  with  wire 
induction  coils  (that  could  drive  speakers),  quartz  crystals  for  select¬ 
ing  frequencies,  batteries,  electron  tubes(to  amplify  tiny  si  gnaisfrom 
thecrystals),  antennae;  in  other  words,  the  guts  of  radios 

I  n  these fi  rst  decades  of  the  20‘^  Century,  the  anatomy  of  technol  - 
ogy  was  more  self  revealing.  Knobs  turned,  metal  touched  metal,  di¬ 
als  swung  from  number  to  number,  parts  moved.  The  ways  things 
worked  were  more  obvious  than  in  present  daytechnologies  in  which 
so  much  action  takes  place  as  invisible  electronic  flows  coursing 
through  microscopic  components  packed  inside  thumbnail -si  zed 
chips  Itwaswith  theirtoolsin  hand  and  radio  parts  all  asunder  that 
many  in  theRadio  Division  had  developed  an  intuitive  relationship 
with  theunseen  electromagnetic  waves  that  are  the  essence  of  radio. 

When  work  was  starti  ng  at  the  Laboratory,  Tayl  or  made  a  fateful 
decision  about  thedi  recti  on  the  Radi  o  Division  woul  d  take  That  move 
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would  end  up  hdpingto  pull  the  Laboratory  out  of  thetenuous '20s 
when  funding  remained  minimal  and  survival  was  not  even  guaran¬ 
teed.  "Probably  the  most  important  service  of  the  Radio  Division  in 
the  earl  y  days  was  the  'sel  I  i  ng'  of  the  h  i  gh-frequency  programs  to  the 
Navy,  and,  indirectly,  to  the  radio  communication  industry,"  Taylor 
later  assessed.  The  real  buy-in  from  the  Navy's  Communication  Ser¬ 
vice  was  won  when  Leo  Young,  who  previously  with  Taylor  had  ob¬ 
served  the  radio  reflections  off  of  the  D orc/iester,  showed  that  a  50- 
watt  hi  ^-frequency  transmitter  (the  power  of  a  si  ngl  e  I  i  ^t  bul  b)  coul  d 
outperform  a  gargantuan  250,000-watt  long-wave  transmitter  at  An- 
napolisin  thetask  of  communicating  with  Navy  facilities  in  theCa- 
nal  Zone® 

Taylor's  initial  decision  to  focus  on  high-frequency  technology  at 
first  seems  arcane  Radio  pioneers  I  ike  Marconi  who  were  ai  mi  ng  for 
long  distance  transmission  found  that  electromagnetic  radiation  of 
low  frequencies  was  more  practical  than  hi  gh-frequency  radiation  for 
broadcasti  ng  radi  o  si  gnal  s  Lower  frequenci  es  were  easi  er  to  produce 
to  begi  n  with  and  also  to  ampi  ify  on  the  recei  vi  ng  end.  Taylor  opted 
to  buck  the  trend.  He  directed  his  men  toward  higher  frequencies 
The  move  won  hi  m  early  skeptics  amongst  his  funders  at  the  Bureau 
of  Engineering  who  knew  how  erratic  both  transmission  and  recep¬ 
tion  were  at  these  frequencies;  the  quality  of  radio  communications 
actual  ly  depended  on  what  ti  me  of  day  or  year  it  was  On  the  other 
h  an  d ,  th  e  en  ergy  earn  ed  by  h  i  gh  er  f req  u  en  cy  rad  i  ati  o  n  seemed  to  d  i  s- 
si  pate  faster,  so  it  held  promise  for  more  secure  ship-to-ship  commu¬ 
nication  that  unwanted  listenersfurther  off  would  notbeableto  re¬ 
ceive 

Part  of  this  trend-bucking  decision,  however,  was  made  for  Tay¬ 
lor,  notbyhim.  DespiteNavyobjectionsthecommercial  radio  broad¬ 
cast  i  ndustry  had  won  control  of  the  I  ower  frequenci  es  between  550 
kHz  (kilohertz:  thousand  cycles  per  second)  and  1.5  MHz  (million 
cycles  per  second). 

Still,  part  of  Taylor's  decision  wasaleap  of  faith  into  unfamiliar 
frequencies  "Although,  we  did  not  see  the  tremendous  possibilities 
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[beyond  expected  gainsin  areas  such  asship-to-ship  communications] 
for  the  use  of  high  frequenci  es  i  n  thefi  el  d  of  naval  communicati  ons, 
we  did  see  that  they  would  certainly  be  extremely  valuable  provided 
we  coul  d  suffi  ci  enti  y  stabi  I  i  ze  transmi  tters  and  recei  vers  to  make  use 
of  such  frequencies  practical  under  naval  conditions,"  Taylor  later  re 
called.^ 

Taylor's  penchant  for  the  higher  frequencies  had  additional  roots 
i  n  an  earl  i er  ti  me  i  n  1922  j ust  months  before  N  RL  offi  ci  al  I y  opened 
up.  At  the  ti  me  he  was  at  the  Ai  rcraft  Radi  o  Laboratory  at  the  N  aval 
Air  Station  in  Anacostia,  just  upstream  from  the  construction  going 
on  at  the  Bellevue  site  that  was  to  become  NRL.  There  he  worked 
closelywith  Young,  then  a  31-year-old  radio  engineer  raised  in  Ohio. 

Like  Gebhard,  Young 
joined  the  Naval  Re 
serve  and  ended  up 
worki  ng  wi  th  Tayl  or  at 
th  e  G  reat  Lakes  N  aval 
Radio  Station  before 
coming  to  NRL.  To 
enter  rad  i  0  terri  to  ry  of 
ever  higher  frequen¬ 
ci  es,  Tayl  or  and  Young 
tweaked  circuits,  am- 
plifiertubes,  and  any¬ 
thing  else  that  might 
seem  to  help.  All 
kindsoftechnical  dif¬ 
ficult!  esarosein  going 
to  higher  frequencies, 
not  the  I  east  of  which 

was  amplifying  the 

LeoYoung  stands  by  a  high-frequency  transmitter  whose  .  . 

novei  crystai  frequency  controi  system  enabied  commu-  comparati  vel  y  weaker 

nication  between  Austraiia  and  Washington,  DC.  hi  gh-f  req  uen  cy  si  g- 
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nalswith  enough  fidelity  so  that  they  could  reproduce  the  intended 
transmitted  signal. 

Making  the  task  seem  doable  to  Young  was  a  new  device  which 
became  known  as  a  superheterodyne  Young  had  read  about  it  in  a 
technical  paper  published  in  1921.  After  reading  the  paper,  Young, 
who  had  been  bui  I  di  ng  hi  sown  radi  o  sets  si  nee  1905  when  he  was  14 
years  ol  d,  made  a  copy  of  the  devi  ce  I  n  a  recei  ver,  a  superheterodyne 
coul  d  convert  hard-to-ampi  ify  hi  gh-frequency  si  gialsto  I  ower  frequen- 
cies,  which  were  much  easier  to  amplify.  The  "device  gave  us  a  won¬ 
derful  tool  for  developing  receivers  forthehigher[frequency]  band," 
Taylor  recalled.^ 

The  radio  men  were  now  set  to  bushwhack  into  new  radio  terri¬ 
tory.  When  still  attheNaval  AirStation,Taylorand  Youngfield-tested 
a  high-frequency  (60  MHz)  transmitter  and  a  portable  receiver  they 
had  bui  It  as  part  of  thei  r  general  search  for  new  frequenci  es,  or  chan¬ 
nel  s,  that  would  beof  use  to  the  Navy.  They  noticed  something  that 
would  proveto  be  spectacularly  important. 

Thefi  rst  cl  ues  came  from  experi  ments  i  n  whi  ch  thetwo  radi  o  sci¬ 
entists  took  the  receiver  for  a  car  ride  around  the  station.  Not  only 
could  objects  between  them  and  the  transmitter  block  transmission 
compi  etel  y,  but  bui  I  di  ngs  refi  ected  the  radio  waves  The  refi  ected  si  g- 
nals  would  fade  in  and  out  as  the  antenna  accepted  the  invisible  se¬ 
ries  of  el  ectromagneti  c  peaks  and  val  I  eys  of  the  refi  ected  radi  o  waves 
Still,  with  all  of  those  bui  I  dings  of  different  sizes  and  shapes,  there 
were  a  I  ot  of  refi  ecti  ons  at  a  I  ot  of  di fferent  angl  es  and  i  t  was  di ffi  cul  t 
to  see  what  was  going  on. 

To  get  a  cleaner  picture  of  the  signal  pattern,  Taylor  and  Young 
drove  their  receiver  to  nearby  Haines  Point,  a  tongue  of  land  (now 
known  as  West  Potomac  Park)  at  the  confl  uence  of  the  Potomac  and 
Anacostia  Rivers  With  only  a  half-mile  of  water  between  them  and 
the  transmitter,  they  figured  there  would  be  little  to  interfere  with 
thei  r  radi  o  waves.  When  they  put  the  recei  ver  onto  the  sea  wal  I  away 
from  trees  and  other  potential  direct  obstructions,  they  indeed  re- 
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caved  good  solid  signals  Then  they  noticed  something  odd.  "We 
began  to  get  quitea  characteri  sti  c  fadi  ng  i  n  and  out— a  si  ow  fadi  ng  i  n 
and  out  of  the  signal,"  Young  later  recalled.  "It  didn't  take  long  to 
determi  nethat  that  was  due  to  a  shi  p  com!  ng  up  and  around  Al  exan- 
dria."®  Radio  signaisfromthetransmitter  across  theriver  were  bounc- 
i  ng  off  the  wooden  steamshi  p  D  orchester  and  i  nto  the  recei  ver  at  H  ai  nes 
Point. 

This  "detection  of  moving  objects  by  radio,"  as  the  men  first  de¬ 
scribed  the  general  technique  destined  to  become  radar.  It  was  an 
idea  that  several  independent  groups  around  the  world  were  inde¬ 
pendent!  y  happen!  ng  onto.  Thei  r  respecti  ve  work  subsequent!  y  woul  d 
undergo  i  ntensq  para!  I  el  devel  opment  i  n  secret  to  become  a  mi  1  itary 
technologythat  was  pivotal  to  the  outcome  of  World  War  II. 

The  i  dea  of  usi  ng  radi  o  for  more  than  j  ust  communi  cati  on  was  i  n 
the  ai  r  i  n  the  early  1920s  J  ust  a  month  before  the  H  ai  nes  Poi  nt  ex- 
peri  ment,  for  one  Marconi  reported  he  had  observed  the  reflection 
of  "el  ectri  c  waves"  from  mdtal  I  i  c  obj  ectsand  that  such  refi  ecti  ons  mi  ^t 
become  the  basis  of  detecting  and  tracking  ships“  He  later  would 
become  involved  in  radar  development  in  Italy. 

Within  days  of  their  own  observations  Taylor  shot  a  letter  off  to 
the  Bureau  of  Engineering  asking  for  further  financial  support.  He 
believed  the  radio  technique  could  be  devel  oped  so  that  Navy  ships 
at  sea  could  use  it  for  detecting  enemy  vessels  "Possibly  an  arrange¬ 
ment  could  be  worked  out  whereby  destroyers  located  on  a  line  a 
number  of  mi  I  es  apart  coul  d  be  i  mmedi  ately  aware  of  the  passage  of 
the  enemy  between  any  two  destroyers  i  n  the  I  i  ne  i  rrespecti  ve  of  fog, 
darkness  or  smoke  screen,"  Taylor  suggested  to  the  bureau  in  his  I  et- 
ter.“  The  bureau  did  not  bite 

Taylor  and  Young  shelved  the  radio  detection  project.  Several 
months  I  ater,  they  packed  thei  r  gear  and  moved  to  thei  r  new  profes 
sional  home  at  the  Naval  Research  Laboratory  where  Taylor  became 
chief  radio  scientist  of  the  Radio  Division.  Young  and  Gebhard  be¬ 
came  top  assistants 
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The  Radio  Division's  primary  role  in  life  throughout  the  1920s 
amounted  to  doi  ng  whatever  desi  gn  and  devel  opment  work  was  nec¬ 
essary  to  get  hi  ^-frequency  radi  o  equi  pment  i  nto  the  FI  edt.  Thi  s  meant 
thestaff  had  to  work  i  n  several  areas:  antenna  devel  opment,  frequency 
control  tactics,  electron  tube  technology,  and  new  power  generation 
techn  i  quesAsthedivision  worked  these  probi  ems  out  and  bui  1 1  pro¬ 
totypes*  sped  ficationsfor  production  models  went  out  to  privatecom- 
paniesliketheRadio  Corporation  of  America  (RCA)  and  Westi  nghouse 
El  ectri  c  and  M  anufacturi  ng  Co.  The  mi  I  itary-i  ndustri  al  compi  ex  is  not 
new. 

Thistask  was  squarely  within  the  realm  of  engineering,  but  the 
task  of  bri  ngi  ng  hi gh-frequency  systems  i  nto  dependabi  e operati  onal 
condition  also  ushered  the  Radio  Division  into  basicscience  Itwasa 
case  in  which  a  specific  task  of  technology  development  drove  the 
researchers  to  ask  scientific  questions  whose  answers  might  lead  to 
new  technol ogy  whose  behavi or,  i n  turn,  mi ght  I ead  to  new  sci entifi c 
quest!  ons  That  mutual  bootstrappi  ng  of  sci  enceand  technol  ogy  woul  d 
become  an  N  RL  trademark. 

To  harnesshigh  frequenciesforradiotechnologytheNavy  could 
depend  on,  there  were  basic  mysteries  about  the  behavior  of  radio 
waves  that  researchers  had  to  solve  For  one  thing,  they  needed  to 
better  understand  the  environ  mental  factors  that,  for  better  or  worse 
affect  high-frequency  radio  waves  as  they  propagate  from  thetrans- 
mitters  to  receivers  They  needed  to  understand  the  I  i  mits  and  char¬ 
acter!  sti  cs  of  the  waves'  propagati  on  at  di  fferent  ti  mes  of  the  day  and 
year,  and  at  different  frequencies 

These  basi  c  quest!  ons  brought  the  Radi  o  Di  vi  si  on  face-to-face  with 
the  upper  reaches  of  the  atmosphere  which  theoristsfor  20  years  had 
been  suggesting  could  become  electrically  charged  and  therebyfunc- 
ti  on  I  i  ke  a  mi  rror  for  radi  o  waves 

The  idea  of  an  upper-atmosphere  radio  mi  rror  made  general  sense 
of  some  remarkable  observations  and  feats  For  one  thing,  Marconi 
had  sent  radi  o  si  gnal  s  cl  ear  across  the  Atl  anti  c  i  n  1901,  whi  ch  meant 
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rad  i  o  waves  so  meh  o  w  were  bendingaroundthecu  rvatu  reoftheEarth 
instead  of  reaching  the  horizon  and  then  "falling  off  the  Earth"  by 
conti  nui  ng  forward  at  a  tangent  toward  space  Over  the  next  two  de¬ 
cades,  theorists  worked  on  expl  anations  for  thisEarth-hugging  prop¬ 
erty  of  radio  waves.  By  1924,  the  British  scientist  Sir  Joseph  Larnnor 
had  developed  a  mathennati  cal  model  of  radio  wave  reflect!  on  in  which 
freeel  ectrons  i  n  the  upper  atmosphere  compri  sed  a  "conduct!  ng  I  ayer" 
that  worked  likearadio  mirror.  This  conducting  I  ayer  become  known 
as  the  ionosphere 

MeanwhileTaylorandhisNRLcolleagueshad  been  making  some 
remarkable  observations  of  long  distance  transmission  of  high-fre 
quency  radio  waves  With  help  from  a  network  of  globally  scattered 
radi  o  amateurs  who  coul  d  report  back  to  N  RL  by  postcard,  the  N  RL 
scientistsfoundthatasignal  could  reach  a  distant  receiver  whileskip¬ 
ping  past  receivers  in  between.  "Skip  distances"  is  what  Taylor  called 
the  gaps  of  radio  silence  Larmor's  theory  was  relevant,  but  it  could 
only  explain  reflection  of  lower  frequency  radio  signals 

In  an  exercise  of  pure  physics  Taylor  teamed  with  Edward  0. 
H  ul  hurt,  who  had  j ust  arrived  at  N  RL  from J  ohns  H  opki  ns  U  ni  versi ty 
to  head  the  Laborator/sfirst  new  division,  the  Heat  and  Light  Divi¬ 
sion.  The  two  aimed  to  develop  a  more  generalized  mathematical 
account  of  the  ionosphere  that  would  explain  propagation  of  both 
low- and  high-frequency  radio  waves  Hulburtlater  credited  thiswork 
with  putting  NRL  on  the  scientific  map  because  its  significance  went 
beyond  techni  cal  detai  I  s  of  mi  I  i  tary  communi  cati  on  and  i  nto  the  real  m 
of  basic  science  Much  later,  a  panel  of  the  American  Physical  Society 
would  rate  this  work  as  one  of  the  100  most  important  applied  re¬ 
search  papers  of  the  century. 

Even  beforeTaylor  and  Hulburt  published  their  theoretical  work 
on  ionospheric  reflection  in  1926,  Young  and  Gebhard  had  been 
drawn  into  the  ionosphere  research  community  by  Gregory  Breit  and 
Merle  A.  Tuve;  who  were  major  players  in  the  field  at  the  nearby 
Carnegie  Institution  of  Washington.  By  using  the  atomic  lattice  of  a 
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quartz  crystal  to  stabilize  otherwise  unsteady  oscillations  within  the 
radio  transnnitter  circuitry,  Young  and  Gebhard  had  built  a  state-of- 
the-art  transnnitter  whose  high-frequency  ennissions  were  uniquely 
unwaveri  ng.  For  Breit  and  Tuve  that  constancy  was  the  key  to  confi¬ 
dently  measuring  the  height  of  the  ionosphere  They  had  access  to 
other  transmitters,  but  the  emission  frequency  of  these  fluctuated. 
Forthem,  transmitters  flawed  bythesefluctuationswereakin  to  using 
arulerwithdriftinglength  markings.  With  Young  and  Gebhard'sstable 
hi gh-frequency  transmitter,  the  Carnegi e  duo  was  abl e to  determi ne 
that  the  i  onospheri  c  hei  ght  vari  ed  both  duri  ng  the  day  and  the  ti  me 
of  year  withi  n  a  range  of  55  to  130  mi  I  es 

Give  scientists  an  inch  and  they  want  a  mile  of  course  To  look  at 
the  upper  atmosphere  with  radio  waves  was  to  know  there  was  some¬ 
thing  i  n  nature  that  was  very  i  nteresti  ng  but  sti  1 1  out  of  di  rect  reach. 
The  radi  0  measurements  after  al  I ,  remai  ned  an  i  ndi  rect  means  of  prob- 
i  ng  the  i  onosphere  When  word  about  Wi  1 1  i  am  Goddard's  pi  oneeri  ng 
experiments  with  rockets  started  circulating  in  the  I  ate  1920s  theupper 
atmosphere  seemed  to  get  closer  to  forward-looking  researchers  In 
theSpringof  1927,  BreitandTuvealongwith  FI  ul  hurt  of  NRL,  started 
to  drum  up  support  in  the  Navy,  Army,  and  elsewhere  for  the  possible 
development  of  rockets  that  could  reach  the  upper  atmosphere  They 
reasoned  that  the  military  might  fund  development  on  the  gamble 
that  ordnance-tipped  rockets  could  conceivably  supplant  the  need 
for  bigandtremendouslyexpensivelong-range guns  And  ifthatwere 
so,  the  rocket-based  means  of  delivering  ordnance  to  an  enemy  could 
also  serve  as  the  means  to  bring  the  tools  of  scientists  higher  in  the 
sky  than  they  ever  had  been  before 

Though  it  woul  d  takeal  most  another  20  years  before  rocket-based 
atmospheri  c  research  got  off  the  ground,  the  i  nterest  of  FI  ul  hurt  pre¬ 
saged  what  for  NRL  would  literally  become  a  cosmic  journey  that 
would  only  begin  with  the  upper  atmosphere  and  go  upward  and 
outward  from  there  What  started  as  an  engineering  task  to  develop 
new  communications tooIsfortheNavy forced  NRL  radio  scientists 
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to  lookupward  atari  atmosphere  whose  propertieswerehardlyknown. 
Th  e  mysteri  es  of  th  e  atmosph  ere  h  appen  ed  to  en  tan  gl  e  wi  th  th  e  rad  i  o 
waves  the  Navy  researchers  were  learning  to  exploit.  This  entangle¬ 
ment,  in  turn,  would  help  turn  NRL  into  oneof  the  most  important 
pi  oneer  outposts  of  the  Space  Age 

As  the  Radio  Division  looked  beyond  its  vacuum  tubes,  circuitry, 
and  antennae  toward  the  upper  atmosphere  NRL's  other  original  di¬ 
vision,  the  much  smaller  Sound  Division,  was  directing  its  attention 
downward  toward  the  vast  oceanic  arena  of  "the  hidden  enemy"— 
submarines.  The  division 
initially  consisted  of  two 
men:  Harvey  Hayes  and 
O.E.  Dudley.  Hayes  had 
been  worki  ng  on  submari  ne 
detection  and  other  sound- 
based  tools  such  as  the 
Sonic  Depth  Finder  with  a 
group  of  scientists  at  the 
Navy  Engineering  and  Ex¬ 
periment  Station  in  An¬ 
napolis.  After  he  and 
Dudley  established  the 

Sound  Division  beachhead  Harvey  Hayes  was  head  of  the  Sound  Division 

when  the  Laboratory  opened  and  wouid  oversee 
at  NRL,  the  group  grew  the  deveiopment  of  much  of  the  basic  sonar 
si  owl  y,  one  man  at  a  ti  me;  technoiogy  that  was  state  of  the  art  throughout 

unti  I  it  I evel  ed  off  at  about 

a  half-dozen  researchers.  Their  primary  aim  in  life  was  to  develop 
more  capabi e  means  of  detect!  ng  and  track!  ng  submari  nes 

Theterror  and  carnage  wrought  bysubmarinesduring  World  War 
1  was  part  of  the  reason  NRL  was  conceived  inthefirst  pi  ace  Technol¬ 
ogy  for  detecting  submerged  submarines  was  extremely  limited.  It 
consi  sted  mosti  y  of  sai  I  ors  I  i  steni  ng  to  the  audi  bl  e  sounds  of  the  sea 
picked  up  by  stethoscope-likeunderwater  microphones  called  hydro- 
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phones.  At  best,  a  listener  could  tell  thedi  recti  on  from  which  a  sub- 
marl  nesound  was  com!  ng,  but  not  the  sub's  di  stance  A  hydrophone- 
equipped  submarine  resting  silently,  and  therefore  invisibly,  on  the 
bottom  actually  would  be  in  abetter  position  to  detect  a  sub-search- 
i  ng  surface  shi  p  than  the  other  way  around.^"* 

Moreover,  if  the  surface  ship  was  moving  faster  than  about6  knots 
(merely  a  joggingpacefor  a  weekend  runner),  its  own  cruising  noise 
would  feed  into  the  hydrophones  and  drown  out  any  submarine 
sounds  Asa  result,  listening  only  made  sense  in  slow-moving  ships 
whose  sluggish  pace  rendered  them  more  vulnerable  to  torpedo  at¬ 
tack.  Thou^  Hayesandothersdevelopedvarioushydrophoneswhile 
working  for  the  Navy  in  New  London,  Connecticut,  I  ate  in  the  Great 
War,  hostilities  ended  with  essentiallyno  reliable  means  of  detecting 
thethoroughly  demonstrated  military  menace  that  submarines  pre¬ 
sented. 

After  the  submari  ne  detecti on  work  was  rel ocated  to  Annapol  is 
Maryland,  Hayes  came  to  the  conclusion  that  devices  listening  pas 
sively  to  underwater  sound  in  the  audible  range  would  nevercom- 
pletely  solve  the  problem  of  submarine  detecti  on.  When  he  Dudley, 
and  a  few  truckloads  of  equipment  arrived  at  NRL  in  April,  1923, 
they  brought  with  them  this  challenge:  to  develop  a  sound  system 
that  the  Navy  could  use  for  determining  a  submarine's  bearing  and 
distance  from  echoes  of  inaudible  high-frequency  (ultrasonic)  sig¬ 
nal  s  del  i  beratel  y  pi  ped  i  nto  the  sea.  I  n  short,  they  were  out  to  i  nvent 
an  activelistenings^emthatlater  would  became  known  as  sonar,  a 
hybrid  of  three  words:  sounding,  navigation,  and  ranging. 

A  technical  key  to  this  challenge  had  already  been  supplied  by 
several  French  researchers  In  the  1880s,  Pierre  (who  would  marry 
M  ari e  Ski  odowska  15  years  I  ater)  and  J acques  Curi  e  reported  observ- 
i  ng  a  curi  ous  property  i  n  quartz  crystal  s  They  found  that  mechan  i  cal 
stresses  such  as  pressure  waves  associated  with  sound  transmission, 
appi  i  ed  to  the  crystals  resulted  i  n  a  voltage  generated  across  the  crys¬ 
tal  ,  a  phenomenon  that  became  known  as  pi  ezoel  ectri  city.  That  means 
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a  piezoelectric  crystal  can  detect  sound.  Itcan  "listen."  When  imping¬ 
ing  upon  a  pi  ezoel  ectri  c  crystal  I  i  ke  quartz,  a  rapi  d  seri  es  of  fl  uctuat- 
ing  pressures  moving  through  air  or  water  (which  isone  way  of  de¬ 
scribing  sound)  generates  a  corresponding  train  of  subtle  mechanical 
stresses  and,  thereby,  a  corresponding  sequence  of  fluctuating  volt¬ 
ages  that  can  drive  an  oscilloscope  audio  speaker,  or  a  gauge's  needle 
indicator. 

A  piezoelectric  crystal  also  can  'talk."  Applyafluctuating  voltage 
across  the  faces  of  the  crystal  and  it  will  osci  1 1  ate  mechanically.  This, 
in  turn,  generates  sound  in  the  medium  hosting  the  crystal.  To  gener- 
ateultrasonicsound  with  apiezoelectriccrystal,  all  the NRL scientists 
needed  to  do  was  drive  the  crystal  with  an  electric  circuit  that  oscil- 
I  ates  at  the  desi  red  frequency. 

There  was  precedent  for  this  task.  D  uri  ng  Worl  d  War  I ,  the  French 
physicist  Paul  Langevin  and  coworkers  sandwiched  thin  piezoelectric 
quartz  crystals  between  steel  pi  ates  to  build  high-frequency  transmit¬ 
ters  Although,  these  never  saw  war  duty,  commercial  vesselsbegan  to 
use  them  for  rough  depth  sound!  ngs  i  n  the  early  1920s  when  H  ayes 
was  still  in  Annapolis^^  When  the  Sound  Division  began  work  with 
quartz-based  devices  no  oneknew  what  frequencies  would  work  best 
i  n  the  ocean  or  how  to  get  enough  power  out  of  the  ul  trasoni  c  sound 
projectors  to  detect  submarines  at  sufficient  distances 

Just  as  in  the  Radio  Division,  technology  and  science  quickly  fed 
on  one  another  in  the  Sound  Division.  To  determine  optimal  fre- 
quenciesfordetectingsubmarinesthedivision  conducted  manyfield 
tests  cover!  ng  a  I  arge  range  of  ultrasoni  c  frequenci  es  from  those  j  ust 
above  the  audible  level  (20,000  Hz)  upto  about  100,000  kHz.  Many 
of  these  tests  were  carried  out  in  the  Chesapeake  Bay  from  a  Navy 
coal  barge  The  barge  had  been  converted  for  sound  research  by  the 
addition  of  an  oblong  well  in  the  middle  into  which  sound  projec¬ 
tors  and  microphones  could  be  placed. 

By  1928,  the  division  was  ready  to  test  a  couple  of  the  quartz- 
crystal  units  in  a  more  realistic  naval  setting.  Hayes  and  three  col- 
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leagues  went  down  to  Key  West,  Florida,  wherethey  installed  theunits 
on  two  submari  nes  At  ti  mes  the  equi  pment  on  one  submari  ne  ob- 
tained  echoes  suggesting  the  location  of  the  other  submarine  More 
often,  however,  the  researchers  were  humbled  by  the  curveballs  na¬ 
ture  threw  them. 

Theocean  may  appear  to  bea  vast  body  of  water  without  physical 
boundaries,  but  it  is  far  from  that  withi  n  the  context  of  sound  trans¬ 
mission.  Hayesand  hi  scol  leagues  I  earned  just  how  confounding  oce¬ 
anic  venues  can  be  The  ocean  is  riddled  with  different  territories 
marked  by  different  temperatures.  The  horizontal  or  vertical  bound- 
ari es  separati  ng  these  territori es  can  act  I  i  ke  mi rrors  to  sound.  U Itra- 
soni  c  sound  i  mpi  ngi  ng  at  the  boundari  es  of  these  strata  bends  to  dif¬ 
ferent  degrees  or  scatters  i  nto  a  usel  ess  haze  or  even  to  si  I  ence  H  ayes 
and  his  team  could  see  from  thei  r  many  tests  that  pushing  acoustic 
technologiesfor  detecting  objects  in  the  oceans  would  require  more 
than  making  piezoelectric  transducers  It  also  would  require  thor¬ 
oughly  knowing  the  environment.  Interpreting  underwater  sound 
woul d  requi  re  basi  c  underwater  acousti  c  research  and  oceanography. 
In  submarine  detect!  on,  therefore  the  medium  had  become  an  inex- 
tri  cabi  e  part  of  the  message 

Even  before  this  realization  of  theneed  to  push  forward  thebasic 
scientific  understanding  of  the  naval  environment,  anothertechnical 
issue  springing  from  ultrasonic  detection  launched  what  would  be¬ 
come  a  pursuit  of  ubiquitous  importance  to  the  evolving  NRL.  The 
issue  at  hand  was  a  search  for  new,  better,  and  more  capable  materi¬ 
als  The  Sound  Division  knew  that  if  piezoelectric  crystals  were  going 
to  become  the  basis  of  underwater  detection  for  the  world's  military 
and  civilian  fleets,  then  the  demand  for  good  quality  quartz  crystal 
was  goi  ng  to  skyrocket.  The  onl  y  known  suppi  i  es  of  such  crystal  s  were 
in  Brazil  and  Madagascar,  faraway  pi  aces  that  could  easilybecomecut 
off  in  the  event  of  war.  So  critical  wasthecrystal  supply  issuethatthe 
Laboratory's  mi  I  itary  di  rector  hi  mself,  Captai  n  Edgar  G.  0  berl  i  n,  trav¬ 
el  ed  throughout  the  country  in  search  of  a  source  of  quartz  crystal 
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that  coul  d  suppi  y  theone-i  nch  square  si  i  cesthen  needed  for  thetrans- 
ducers. 

Itfell  onto  theshoulders  of  Elias  Klein,  a  new  hi  re  to  the  Sound 
Division  in  1927,  to  solvethequartz supply problenn.  Born  in  Poland 
in  1888,  Klein  earned  a  PhD  in  physicsfrom  YaleUniversity  in  1921 
and  taught  in  the  Ph^^ics  Department  of  Lehigh  University  in 
Bethlehem,  Pennsylvania  before  Hayes  hi  red  him  into  the  Sound  Di¬ 
vision.  Klein's  task:  to  develop  a  synthetic  piezoelectric  crystal  supe¬ 
rior  to  any  others.^ 

Other  scientists  previously  had  found  that  a  more  complicated 
crystal  known  as  Rochelle  salt  had  a  far  more  powerful  piezoelectric 
propertythan  quartz.  Itwasoneof  thecrystalsthattheCuriebrothers 
had  used  in  their  original  work  on  the  piezoelectric  phenomenon. 
After  the  Great  War,  Rochel  I  e  salt  was  becomi  ng  the  stuff  of  phono¬ 
graph  pickups,  microphones*  loudspeakers,  and  other  gadgets  requir¬ 
ing  electromechanical  material.  That  included  underwater  sound 
equipment.  It  turned  out  Rochelle  crystals  were  better  at  detecting 
underwater  sound  than  quartz  crystals  even  when  the  latter  were  ten 
ti  mes  I  arger.  What's  more  the  syntheti  c  crystal  s  were  sens!  ti  ve  en  ough 
to  di  sti  ngui  sh  sounds  of  a  submari  ne  propel  I  er  from  those  of  a  search- 
ingship.  They  were  also  good  at  generating  underwater  sound— those 
famous  "pings"— which  meant  they  could  work  in  active  echo-rang¬ 
ing  tasks  as  wel  I  asin  passivelistening  devices 

Rochelle  salt  had  its  downsides,  however.  For  one  thing,  it  dis 
solves  in  water.  That's  no  small  problem  when  underwater  technol¬ 
ogy  i  s  at  i  ssue  For  them  to  be  useful ,  Kl  ei  n  had  to  fi  nd  some  way  of 
encasing  the  material  without  simultaneously  preventing  sound  from 
coming  into  or  out  from  the  crystal.  He  was  convinced  that  some 
kind  of  rubber  material  could  be  found  or  made  that  would  serve 
both  as  a  sound  window  and  as  a  protective  housing  for  the  crystal 
transducers  He  in  turn,  convinced  the  B.F.  Goodrich  Company  to 
take  on  the  problem.  They  responded  with  a  new  kind  of  rubber, 
rho-c.^^ 
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Piezoelectric  transducers  using  quartz  and  Rochelle  salt  became 
the  heart  of  an  early  generation  of  Naval  underwater  detection  sys¬ 
tems  In  1928,  the  NRL  extensively  tested  their  so-called  XL  equip¬ 
ment,  which  consisted  of  slabs  of  quartz  crystal  cemented  between 
steel  plates  They  found  it  could  detect  submarines  by  actively  send¬ 
ing  out  and  I  isteningfor  echoes  only  at  distancesof  about  three-quar¬ 
ters  of  a  mi  I  e  Over  the  next  few  years,  the  group  devel  oped  the  Roch- 
elle-salt-basedJKequipmentwitharou^lythreemiledetection  range 
based  on  passive  detection  of  propeller  noise 

Hayessummed  uptheNaval  meaning  of  these  two  systems  'The 
combination  of  XL  and  JK,  perfected  by  1932,  represented  a  distinct 
ad  van  ce  i  n  an  ti  su  bmari  n  e  eq  u  i  pment,  si  n  ce  th  ej  K  co  u  I  d  be  used  d  u  r- 
i  ng  search  operati  ons  to  di scover  and  bri  ng  a  target  withi  n  range  of 
the  XL,  which  then  took  over  and  directed  the  attack."^® 

These  early  systems  enabled  Naval  personnel  to  getafeel  for  the 
type  of  equipment  that  would  remai  n  central  to  Naval  operati  ons  ever 
since  However,  thegadgets  that  cameout  of  this  work  did  not  remain 
state-of-the-art  for  long.  Foronething,  by  the  mid- 1930s,  Hayes' team 
was  abl  e  to  combi  ne  the  functi  ons  of  the  XL  and  J  K  systems  i  nto  a 
si  ngl  e  more  capabi  e  system  known  as  the  Q  B.  I  mproved  versi  ons  of 
the  Q  B  "pi  ayed  a  stel  I  ar  rol  e  i  n  the  BattI  e  of  the  Atl  anti  c,"  H  ayes  woul  d 
recal  I  after  Worl  d  War  1 1  had  ended. 

Even  as  the  piezoelectric-based  technology  was  emerging,  a  com¬ 
pletely  different  class  of  transducer  materials  came  to  the  Sound 
Division's  attention.  At  Harvard  University,  G.W.  Pierce  had  shown 
that  some  materials  will  mechanically  deform  in  the  presence  of  a 
magnetic  field.  By  control  ling  the  magnetic  field,  therefore  these  so- 
called  magnetostrictivematerialscould  bemadeto  oscillate  as  an  ul¬ 
trasonic  speaker.  Conversely,  these  materials  respond  to  incoming 
sounds  by  generati  ng  an  osci  1 1  ati  ng  magneti  c  fi  el  d,  that  coul  d  be  con¬ 
verted  i  nto  an  el  ectri  cal  si  gnal .  Li  ke  pi  ezoel  ectri c  materi  al  e  magneto- 
stri  cti  ve  materi  al  s  can  tal  k  and  I  i  sten .  These  materi  al  s,  rather  than  pi  - 
ezoel  ectri  c  quartz  or  Rochel  lesalt,  became  the  heart  of  early  standard 
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detection  systennsfor  destroyers  made  bytheSubmarineSgnal  Com- 
pany.i® 

Thi  s  work  by  the  Sound  D  i  vi  si  on  on  transducer  materi  al  s,  the  el  ec- 
tronic  components  that  drove  them,  and  the  conversion  and  inter¬ 
pretation  of  raw  signals  into  interpretable  information  became  the 
basisfor  most  of  the  sonar  equipment  that  would  end  up  in  critical 
service  during  World  War  II.  "Intensive  work  was  carried  on  during 
the  war  which  resulted  in  numerous  improvements,  but  no  funda¬ 
mentally  new  sonar  systems  actually  got  into  antisubmarine  opera¬ 
tion,"  wrote  Taylor.  2° 

N RL's  fi rst  two  divisions.  Radio  and  Sound,  were  born  with  an 
estabi  i  shed  constituency  i  n  the  Bureau  of  Engi  neeri  ng  and  with  a  cl  ear 
senseof  what  they  needed  to  achi  e/e— wi  rel  ess  communi  cati  on  equi  p- 
ment  and  better  tools  for  detecting  submarines  In  expediting  these 
technology  development  tasks,  researchers  in  these  divisions  some- 
timesfoundtheyhad  to  delve  into  basic  science  as  well.  Becausethe 
i  onosphere  is  a  maj or  pi  ayer  i  n  any  hi gh-frequency  radi  o  equi  pment 
intended  for  long  range  communi  cati  on,  the  Radio  Division  had  to 
study  the  upper  atmosphere  if  it  wanted  to  gi  vethe  N  avy  rel  i  abl  e  hi  gh- 
frequency  communication  equipment.  Likewise  researchers  in  the 
Sound  Division  had  to  ask  questions  about  the  relationship  between 
ocean  water  and  sound  propagation. 

In  1924,  the  Laboratory  added  itsfi  rst  new  division.  UnlikeSound 
and  Radio,  the  new  Heat  and  Light  Division  was  born  with  basic  sci¬ 
ence  in  mind.  It  had  no  natural  link  to  any  particular  bureau  of  the 
Navy,  so  its  funding  at  first  came  entirely  from  the  meager  Congres¬ 
sional  appropriation  supportingtheLaborator/soperation.  In  1924, 
that  amounted  to  $100,000  for  the  entire  Laboratory.  But  this  inde¬ 
pendence  also  meant  thenew  division  would  have  more  freedom  in 
selectingthe  problems  it  would  pursue  In  its  first  years,  thedivision 
consisted  of  Edward  0.  H  ul  hurt  and  three  assistants.^ 

Hulburt  was  born  in  South  Dakota  in  1890  but  moved  to  Balti¬ 
more  after  his  father  got  a  j  ob  as  a  mathemati  ci  an  at  J  oh  ns  H  opki  ns 
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University.  By  1915,  he  had 
earned  all  of  his  col  lege  de¬ 
grees  at  Hopkins  His  doc¬ 
toral  work  was  in  optical 
physi  cs  a  fi  el  d  for  whi  ch  the 
university  was  then  world  re¬ 
nowned.  During  WWI  he 
worked  at  the  Army's  Signal 
Corps  Radio  Laboratory  in 
Paris  There  he  and  his  co¬ 
workers  woul  d  bui  I  d  vari  ous 
radiosetsin  an  old  housein 
the  Latin  Quarter  and  then 

EdwarH  O.Hulbm,  shown  here  Ih  e  1947  immediately  bring  them  to 

photograph,  joined  the  Laboratory  in  1 924  to  thetroops  on  thefront  I  i  nes 

head  the  then  newiy  formed  Heat  and  Light  |f  gq^j  p^ent  worked 
Division.Two  years  iater  he  wouid  coauthor  a 

paper  with A.H.Tayior  that  heiped push  radio  enough,  they  would 

technoiogy  whiie  simuitaneousiy  reveaiing  send  spedfi  cat!  onsto  manu- 

fundamentai  properties  of  the  ionosphere.  thousands 

of  sets  made  With  that  background,  Hulburt  was  a  kindred  soul  of 
thosein  thebuild-test-and-ship  modein  theRadio  Division.^^ 

Li  ke  many  subsequent  NRL  hires  Hulbert  got  his  job  after  NRL 
staff  sent  I  ettersto  contacts  i  n  i  ndustry  and  academe  i  n  search  of  top- 
notch  candi  dates  A  professor  at  H  opki  ns  recommended  H  ul  hurt.  H  e 
gotthejoband  becamethefirstatNRLto  be  turned  loose  unencum¬ 
bered  by  any  mandate  to  pursuespecific  problems  of  interest  to  some 
bureau.  Given  the  breadth  of  Naval  operations  however,  Hulburt 
woul  d  have  been  hard-pressed  to  fi  nd  an  area  i  n  physi  cs  that  was  not 
somehow  rel  evant  to  the  N avy. 

Oneofthefirst  major  projects  Hulburt  set  his  new  division  onto 
was  measuring  the  atmospheric  transmission  and  absorption  of  all 
optical  wavelengths  of  the  electromagnetic  spectrum  ranging  from 
the  invisible  infrared  through  all  of  the  visible  colors  and  into  the 
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ultraviolet  range  Moreover,  Hulburt  and  his  colleagues  made  these 
measurements  at  different  ti  mes  of  the  day  and  under  vari  ous  meteo- 
rological  conditions'^  There  simply  was  no  other  way  of  getting  a 
database  on  the  most  general  behavior  of  light  in  the  atmosphere 
Thisworkeventually  would  feed  into  all  kindsof  Naval  applications 
areas  ranging  from  the  colors  and  shapes  of  signal  flags,  to  Naval 
camouflage  to  detector  technology,  to  the  choice  of  blue  lights  for 
ni  ghtti  me  at-sea  operati  on . 

Taylor's  work  on  long-range  transmission  of  shorter  radio  waves 
al  so  caught  H  ul  belt's  eel  ecti  c  attenti  on.  H  ul  hurt  I  ater  recal  I  ed  Tayl  or's 
method:  "Tayl  or  and  other  amateurs  were  di  scoveri  ng  ski  p  di  stances 
j  ust  by  cal  I  i  ng  i  n  the  dark  and  seel  ng  who  answered.  H  e'd  say,  'stand 
by  boys.  I'm  working  tomorrow  night  on  three  meter  [radio]  waves 
What  do  you  hear?  Send  me  postcards.'"^'^ 

Taylor  was  a  radio  man  and  Hulburt  was  an  optics  man.  So  to 
Hulburt,  radio  waves  were  merely  much  longer  versionsoftheopti  cal 
wavelengths  of  the  electromagnetic  spectrum  that  he  had  come  to 
know  intimately  during  his  graduate  school  days  The  same  rules  of 
reflection  that  apply  to  optical  wavelengths  ought  to  apply  to  radio 
waves  he  reasoned.  From  the  skip  distance  data  that  Tayl  or  and  oth¬ 
ers  at  NRL  had  been  accumulating  for  several  radio  wavelengths 
Hulburt  and  Taylor  were  able  to  infer  much  about  the  upper  atmo¬ 
sphere  and  thereby  to  account  for  the  otherwise  cacophonous  data 
on  radio  propagation. 

What  they  knew  from  the  network  of  amateurs  was  that  the  aver¬ 
age  skip  distances  for  radio  wavelengths  of  16,  21, 32,  and  40  meters 
were  1300,  700,  400,  and  175  miles,  respect! vely.^^  The  longer  the 
wavelength,  the  shorter  the  skip  distance 

Bui  I  di  ng  on  earl  i  er  theoreti  cal  work  by  others,  they  assumed  that 
the  atmosphere  contai  ned  free  electrons  whose  popul  ati  on  coul  d  vary. 
The  general  picture  they  derived  was  of  an  ionosphere  composed 
largely  of  free  electrons  whose  popul  ati  on  and  thickness  at  different 
parts  of  the  world  depended  on  the  amount  of  solar  energy  reaching 
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it.  The  amount  of  solar  energy  varied  over  the  course  of  a  day  and 
night,  over  seasons,  and  even  over  cycl es  of  many  years  So  the  i ono- 
sphereover  anyone's  head  was  constantly  changing.  Itwasasthough 
theradio  mirror  were  constantly  being  raised  or  lowered.  Part  of  the 
chal  lengewith  hi^-frequency communications  therefore  wasto  have 
to  shift  frequencies  to  accommodatethese  ionospheric  vicissitudes 

From  this  work,  Hulburt  and  Taylor  were  able  to  predict  the  be¬ 
havior  of  different  wavelengths  and  they  could  explain  thefadingof 
radio  signals  to  interference  They  published  their  work  in  1926  in 
th e j ou rn al  Phya cal R evi Besi deshelpingtheN avy guideitsuseof 
high-frequency  radio  communication  lines  thiswork  was  putto  quick 
use  duri  ng  the  1929  fl  i  ght  over  the  South  Pol  e  by  Admi  ral  Ri  chard  E. 
Byrd.  For  several  legsof  his  1440  kilometer  flight.  Admiral  Byrd  used 
a  high-frequency  aircraft  radio  ^em  built  sped  ally  for  the  mission 
by  the  Radio  Division  and  housed  three  operating  frequencies  cho¬ 
sen  in  accordance  with  the  newfound  knowledge  about  the  iono¬ 
sphere 

I  n  the  1920s,  the  N  RL  team  was  one  of  several  around  the  worl  d 
that  weresi  multaneously  unvei  li  ngthepersonal  ityof  theionosphere 
For  their  part,  FI  ul  hurt's  and  Taylor's  1926  paper  stands  as  one  of  the 
seminal  publicationsinthefi  eld.  In  providing  a  more  thorough  theory 
of  theionosphere  it  was  a  contribution  squarely  within  the  arena  of 
basic  science  In  providingameansfortheNavyto  determine  how  to 
use  high-frequency  radio  communication  more  effectively,  it  was  a 
practical  contribution  to  the  Navy's  operational  capabilities  It  was 
the  perfect  mix  of  basic  science  and  military  technology  in  one 

FI  eat  and  Light,  the  name  of  FI  ul  hurt's  division,  covers  a  lot  of 
ground.  Itstandsto  reason  that  the  division  quickly  got  its  hands  into 
widely  divergent  projects  One  research  program  begun  in  1925  falls 
under  the  category  of  engineering  research.  The  idea  was  to  build 
models  of  ship  components  and  other  Naval  structures  out  of  trans 
parent  plastic  and  then  to  apply  known  mechanical  stresses  to  these 
models.  These  stresses  affect  measurable  properties  (such  as  the  po- 
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lahzation)  of  light  passing  through  such  models,  a  phenomenon 
known  as  photoelasticity.  From  these  photoelastic  measurements,  the 
division  researcherscoulddeterminetheconcomitant internal  strains 
throughout  the  plastic  model.  And  si  nee  the  results  from  the  model 
depended  on  the  structure  and  not  on  the  model's  material,  this 
photoelastic  method  provided  a  convenient  way  of  experimentally 
determining  internal  strain  levelswithin  even  hugeiron  or  steel  ship 
components  in  which  direct  measurements  were  not  possible  This 
work  I  ater  transferred  to  theN  av/s  Davi  d  Tayl  or  M  odel  Basi  n,  an  ol  der 
Navy  laboratory  devoted  to  ship  engineering  studies  and  located  just 
north  of  Washington,  DC.^^ 

One  particularly  consequential  newhireintothedivision  in  1928 
wasRossGunn.  The  range  of  his  initial  work  included  the  engineer¬ 
ing  and  design  of  new  portable  electric  field  meters  and  amplifier 
systems  for  i  nfrared  detecti  on  equi  pment  as  wel  I  as  sci  entifi  c  i  nvesti- 
gationsof  magnetic  and  electrical  phenomena  of  the  Sun  and  Earth, 
which  also  figure  greatly  into  radio  communication.^®  In  1939,  11 
years  after  his  arrival  at  NRL,  Gunn  would  usher  NRL  into  what  be¬ 
came  a  crucial  and  lasting  role  in  the  establishment  of  the  Nuclear 
Age  (see  Chapter  6). 

The  scope  of  NRL  again  expanded  in  the  later  1920s  and  early 
1930s  as  several  more  institutional  saplings  were  planted.  Some  of 
these  mostnotablytheDivision  of  Physical  Metallurgy  and  the  Divi¬ 
sion  of  Chemistry,  would  grow  into  enormous  research  trees  with 
branches  spanning  the  scientific  and  technological  landscape  Oth¬ 
ers,  likethe  Ordnance  Section,  which  was  funded  by  the  Navy's  Bu¬ 
reau  of  0  rdnanceto  I  ook  i  nto  ti  ghti  y  speci  fi  ed  engi  neeri  ng  probi  ems, 
would  seethe  light  of  day  for  awhile  and  then  recede  be  absorbed  by 
other  divisions,  or  disappear  entirely.  Even  in  the  Laboratory's  early 
years,  the  organizational  chart  would  undergo  frequent  changes  re¬ 
flecting  the  various  internal  and  external  forcesgoverningthepercep- 
ti  on  of  the  Laboratory's  pi  ace  i  n  the  N  avy. 

One  of  the  more  robust  new  saplings  was  pi  anted  on  September 
1, 1927,  when  the  Division  of  Physical  Metallurgyjoined  the  Radio, 


chapter  3  -  first  steps  ♦  55 


Sound,  and  Heat  and  Light  Divisions  The  Navy  is  metal  from  stem  to 
stern,  from  port  to  starboard,  from  wi  ng  ti  p  to  wi  ng  ti  p,  from  breech 
to  barrel .  Ore  becomes  metal  becomesslabsand  rods  and  sheets  These 
have  to  be  bolted  and  welded  and  connected  into  ships  and  guns  and 
shells  and  helmets  and  armor  and  thousands  of  other  Naval  accou¬ 
terments  that  have  to  serve  reliably  in  bitterdrycold  pi  aces  or  in  moist, 
tropical  settings,  all  the  while  in  near  or  direct  contact  with  the  salty 
and  notoriously  corrosive  medium  known  as  ocean  water.  Moreover, 
many  of  these  metal  objects  need  to  withstand  metal -on-metal  rub¬ 
bing,  constant  vibration,  and  intermittent  shocks  of  massive  force 
without  rattling  apart  into  uselessness. 

To  look  at  a  rocky  mountain  of  ore  and  then  at  the  massive  ships 
that  comeof  it  isto  real  ize that  practical  experience  by  metal  workers 
over  the  past  few  millennia  has  achieved  much.  But  getting  metal  to 
perfo  rm  i  n  ever  mo  re  capabi  e  ways  so  th  at  i  t  makes  a  d  i  fferen  ce  i  n  th  e 
outcome  of  a  20^''  Century  military  war  meant  getting  down  to  the 
physics  of  metal.  The  Division  of  Physical  Metallurgy  was  established 
to  do  just  that. 

The  division  started  with  six  full-time  staff.  Leading  them  was 
Robert  F.  M  eh  I ,  who  had  been  a  research  fel  I  ow  at  H  arvard  U  ni  versi  ty. 
As  Mehl  later  recalled,  Harvey  Hayes  of  the  Sound  Division  and  a 
Harvard  man  himself,  asked  afriend  on  theHarvard  staff  if  he  knew 
of  anyone  who  mi  ght  want  to  come  to  N  RL  to  head  one  of  two  new 
divisions  slated  to  begin  operations  Mehl's  name  came  up.  When 
Commander  Oberl  in,  NRL's  assistant  director,  met  with  Mehl  atNRL 
soon  thereafter,  he  hi  red  the  young  scientist  on  the  spot.^®  There  was 
no  need  fora  personnel  office  whilean  Old  Boy  network  I  ikethis  was 
in  operation. 

In  keeping  with  a  trend  set  by  the  other  divisions,  the  earliest 
projects  in  Mehl's  humble  fiefdom  at  NRL  were  split  between  basic 
sci  ence  and  appi  i  ed  work.  The  Bureau  of  Engi  neeri  ng,  then  the  I  argest 
source  of  funds  within  theNavyfortheLaboratory,  wasthedivision's 
main  customer.  One  of  its  early  requests  was  for  the  new  division  to 
look  into  new  alloys  for  antennae  wires  on  ships  On  thistask,  the 
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new  division  worked  with  the  Radio  Division  in  testing  a  large  series 
of  alloys.  It  was  a  humble  foreshadowing  of  the  way  NRL  could  put 
together  different  types  of  expertise  to  solve  problems  for  which  less 
well-rounded  approaches  would  fall  short  or  fail. 

The  division  also  took  on  a  set  of  more  fundamental  studies  into 
the  internal  structures  (phases)  in  metal  that  determine  important 
material  properties  such  ashardness,  malleability,  toughness  brittle¬ 
ness,  and  weldability.  More  specifically,  Mehl  focused  this  more  sci¬ 
entific  work  of  the  division  on  the  then-unknown  mechanisms  by 
which  phases  change  in  metal  sand  alloys.  Phases  aredomai  ns  within 
materials  characterized  by  either  a  specific  chemical  composition  or 
by  speci  fi  c  crystal  I  i  ne  or  noncrystal  line  arrangements  of  those  chemi¬ 
cal  compositions  Knowl  edgeof  these  phases  and  themechanisms  by 
whi  ch  they  form  becomes  the  basi  sfor  more  i  ntel  I  i  gent  deci  si  onsabout 
what  alloys  to  usefor  specific  purposes,  howto  prepare  and  process 
them,  and  how  the  properties  of  these  alloys  might  change  over  time 
under  specific  operational  conditions  in  the  Fleet.  The  papers  that 
came  out  of  these  studi  es  contri  buted  to  a  young  but  growi  ng  body  of 
worldwide  knowledge  that  at  the  time  was  unlocking  the  internal 
mysteri  es  of  what  made  metal  stay  good  and  what  made  it  go  bad. 

Some  of  the  work  straddled  the  categories  of  basic  science  and 
engineering.  Very  soon  after  Mehl  arrived,  it  occurred  to  him  that  the 
N  avy  i  n  parti  cul ar  coul d  use  ways  of  i  nspecti  ng  thei  r  metal  casti  ngs 
for  ship  construction  without  having  to  literally  cut  into  and  destroy 
samples  This  type  of  inspection  goes  by  the  name  nondestructive 
testing.  "The  Navy  also  had  a  problem  of  cracks  in  loaded  16-inch 
shellsin  which  I  tried  to  keep  my  interestquite academic,"  Mehl  later 
recalled.^°  Atthetime  industry  was  just  developing  electrical,  mag¬ 
netic,  and  sound-based  methods  for  probing  the  interiors  of  metal. 
The  idea  was  to  infer  the  quality  of  the  structure  inside  a  piece  of 
metal  from  themeasurablechangesintheelectri  cal,  magnetic,  or  sonic 
signalsemergingfrom  asample 

Mehl  and  division  colleagueC.S.  Barret,  who  had  expertisein  us 
ing  X-rays  for  determining  the  crystalline  phases  in  metal  samples 
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decided  to  see  if  they  could  use  a  radioactive  substance  like  radium 
(which  was  then  a  hot  anti -cancer  tool  inthemedical  community)  to 
reveal  flaws  in  both  cast  and  welded  steel.  The  idea  was  that  gamma 
rays  from  the  radium  would  stream  through  the  steel  onto  a  photo¬ 
graphic  emulsion.  This  would  produce  a  shadowgraph  revealing  the 
steel 's  i  nner  anatomy,  warts  and  al  I .  And  thewarts  were  what  was  most 
importanttofind.  Mehl  later  described  the  early  foray  into  this  project: 

“VJe  did  our  first  experimentai  work  in  the  basement  of 
the  Howard  Keiiy  Hospitai  in  Baitimore,  a  hospitai  which 
then  owned  the  iargest  stock  of  radium  in  the  worid,  some  five 
grams.  Weused  thisin  the  form  ofsmaii  capsuies  of  radium  ema¬ 
nation.  The  work  turned  out  to  be  quite  successfui;  exceiient  ra¬ 
diographs  were  made  of  a  number  of  objects  inciuding  a  piece  of 
12-inch  steei. 

The  N  RL  team  wrote  up  thei  r  fi  ndi  ngs  and  sent  the  report  to  the 
Bureau  of  Engineering  at  a  time  when,  in  Mehl'swords,  "theNavywas 
experi en ci n g very seri ous trou bl e wi th th e stern  post casti ngsonanum- 
berof  new . . .  heavy  cruisers,  parti  cularlytheChesfff'and/Augusfa."^^  It 
was  not  I  ost  on  the  department  that  the  new  method  mi  ght  hel  p  sol  ve 
the  problem.  Mehl  recalls  what  happened: 

"Accordingiy,  Barret  and  i  procured  radium  from  the  Howard 
Keiiy  Hospitai  and  went  to  the  Norfoik  Navy  Yard  where  the 
Chester  was  in  dry  dock.  The  stern  post  casting  was  a  sheii  cast¬ 
ing  (a  hoiiow  cyiinder)  about  lV4-inch  thick,  sitting,  of  course,  on 
the  stern  of  this  cruiser,  above  the  rudder.  The  CheAer  had  been 
out  to  sea,  and  in  its  triais,  the  stern  post  casting  had  cracked  and 
had  then  been  weided  attheBrookiyn  N  avyYard,  but  much  doubt 
was  ieft  in  the  minds  of  the  department  as  to  its  serviceabiUty 
indeed,  as  to  whether  it  couid  go  to  sea  again  with  this  repaired 
casting  in  piace. " 

The  two  sci  enti  sts  took  dozens  of  radi  ographs,  whi  ch  i  ndeed  were 
revealing.  Recalled  Mehl:  'They  show  the  castings  to  have  been  very 
badly  made  to  have  been  full  of  blow  holes  and  shrinkage  casts  and 
showed  also  that  the  welding  which  had  been  done  was  quite  inad¬ 
equate  to  remove  the  faulty  metal 
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Th  e  aftermath  of  th  i  s  was  asto  u  n  d  i  n  g  to  th  e  30-year-o  I  d  sci  enti  st. 
After  briefing  a  large  collection  of  admirals  and  captains  about  the 
radiography  results,  hewas  asked  if  the  120,000  ton  C/iester  ought  to 
be  put  to  sea.  Though  feel  i  ng  under-ranked  to  say  so  one  way  or  the 
other,  hesaid  no.  Later,  during  a  sea  trial,  the  stern  post  of  the  Chester 
broke  again  and  it  had  to  be  towed  back  to  port.  In  the  end,  all  ten 
cru  i  sers  of  th  i  s  cl  ass  sh  i  p  were  mod  i  f  i  ed  to  preempt  th  e  stern  post  prob- 


With  a  source  of  radio¬ 


active  radium  inside  of 


this  iarge  metai  casting, 
Robert  M  ehi  and  a  coi- 


ieague  piace  photo¬ 
graphic  paper  on  the 
outside.The  gamma  rays 
from  the  radium  pass 
through  the  casting  onto 
the  paper,  reveaiing 
detaiis  of  the  casting's 
interior  quaiityand  defects.The  bottom  photo  shows  how  the  investigators  were 
abie  to  use  the  technique  of  gamma-ray  radiography  to  examine  many  objects— 
in  this  case,  iarge  piumbing  fixtures—  simuitaneousiy. 
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lem.  "I  thinkthisworkontheC/iesterwasthethingwhich  established 
gamma-ray  radiography  in  this  country,"  Mehl  later  assessed.^^ 

The  Bureau  of  Engi  neeri  ng  subsequent!  y  requested  that  the  Physi  - 
cal  MetallurgyDivisiontakeamoresystematiclookinto steel  casting. 
Enough  money  came  in  to  hire  more  people  and  to  equip  the 
Laboratory's  al  ready  i  mpressi ve  foundry  with  expensive  new  casti  ng 
and  metal  worki  ng  equi  pment  i  ncl  udi  ng  a  state-of-the-art  el  ectri  c  steel 
melti  ng  furnace  ( i  n  whi  ch  al  I  oys  with  fewer  property-degradi  ng  con¬ 
taminants  could  be  made).  Some  of  the  work  done  by  division  scien¬ 
tists  in  this  period  included  determining  the  rate  at  which  molten 
steel  freezes  during  castings  and  assessingthestrength  of  steel  at  high 
temperatures  Al  I  of  thiswork  was  published  intheopen  literature  In 
Mehl'sassessmentthisbody  of  work  helped  these  men  and  NRL  earn 
respect  and  visibility  within  thenation'ssteel  industry.^® 

Mehl  himself  remained  atNRLforonlyfouryears.  In  1931,  heleft 
to  take  a  positi  on  fi  rst,  at  the  Ameri  can  Rol  I  i  ng  M  i  1 1  Company  and, 
subsequently,  at  the  Carnegie  Institute  of  Technology  in  Pittsburgh, 
where  he  woul  d  emerge  as  one  of  the  gi  ant  fi  gures  i  n  a  fi  el  d  that  i  n 
the  1950s  and  1960s  would  become  known  as  Materials  Science 
In  the  same  fit  of  programmatic  expansion  that  brought  a  Divi¬ 
sion  of  PhysicalMetallu  rgy  to  NRL  cametheChemi  stry  D  i  vi  si  0  n .  Li  ke 
fraternal  twins,  the  two  new  divisions  would  grow  up  in  the  same 
house  but  follow  utterly  individual  and  multiply-branching  evolu¬ 
tionary  paths  that  would  help  render  NRL  one  of  the  most  broad- 
based  research  institutions  in  the  country. 

The  Chemistry  Division  owes  its  initial  momentum  to  Com¬ 
mander  Oberl  i  n's  success  at  getti  ng  the  Bureau  of  Ordnance  to  thi  nk 
of  the  Laboratory  as  a  place  to  do  business  the  way  the  Bureau  of 
Engineering  already  had.  By  the  spring  of  1927,  the  Bureau  of  Ord¬ 
nance  had  assigned  NRL  two  torpedo-propulsion  problems  that  be¬ 
came  th  e  mai  d  en  to  pi  cs  for  th  e  n  ew  d  i  vi  s' on .  Th  ese  were  i  n  th  e  words 
of  Taylor,  a  "trial  balloon."^^ 
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The  Chemistry  Division  began  as  a  heterogeneous  mixture  of  two 
small  prog'ams  already  underway  at  NRL  along  with  several  newhires 
Among  the  latter  was  Dr.  Francis  Russel  I  Bichowsky,  wholeftafaculty 
position  at  Johns  Hopkins  University  to  head  thenew  division.  One 
component  of  thedivisi  on  came  from  a  three-man  Ballistics  Sect!  on 
(later  the  Ordnance  Division),  which  the  Bureau  of  Ordnance  had 
moved  from  the  N  ati  onal  Bureau  of  Standards  to  N  RL  a  month  after 
NRL  opened.  For  the  most  part,  this  section  acted  as  a  job  shop  for 
the  Bureau  of  Ordnance  Its  projects  included  the  development  of  a 
high-speed  camera  for  photographing  projectiles  in  flight,  the  mea¬ 
surement  of  pressures  in  the  main  gun  batteries  of  battleships,  and 
work  on  torpedo-rangi  ng  apparatus  i  n  col  I  aborati  on  with  the  Sound 
Division.^®  A  second  component  that  became  part  of  the  Chemistry 
Di  visi  on  was  a  one-man  analyti  cal  I  aboratory  run  by  M  i  Iton  H  arman.^® 
The  crux  of  the  torpedo  propulsion  issue  at  the  time  was  to  find 
some  way  of  repi  ad  ngthecompressed  ai  r  that  had  been  used  i  n  Worl  d 
Warl  torpedoes  with  something  else  that  would  enable  the  torpedoes 
to  travel  farther,  faster,  and  without  a  visible  surface  track.  One  tech¬ 
nique  which  a  researcher  attheWestinghouseCorporati on  had  been 
I  ooki  ng  i  nto  near  the  end  of  Worl  d  War  I  for  the  Bureau  of  0  rdnance 
was  to  rel  y  on  a  heat-generati  ng  chemi  cal  react!  on  that  woul  d  convert 
water  into  steam  for  propulsion.  The  other  tack  the  division  looked 
into  was  to  build  on  an  idea  of  several  officers  at  the  Newport  Tor¬ 
pedo  factoryto  replace  compressed  air,  which  isnearly80%  nitrogen, 
with  compressed  air  enriched  with  oxygen,  or  even  with  pure  com¬ 
pressed  oxygen  .^°  Th  e  th  o  ught  h  ere  was  th  at  th  e  same  vol  u  me  of  oxy- 
gen-enriched  compressed  gas  would  propel  a  torpedo  much  faster, 
farther,  or  both. 

The  previous  attempt  at  Westinghouse  to  build  an  exothermic 
torpedo  involved  the  mixing  of  two  hazardous  materials— fuels  in¬ 
cluding  aluminum  or  alcohol  and  a  substance  that  would  supplythe 
oxygen  needed  for  combustion— that  were  hard  to  handle  and  prone 
to  spontaneous  explosions  The  oxidizer  in  this  case  was  solid  so- 
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dium  chlorate  Bichowsky  thought  it  better  to  try  two  liquid  compo¬ 
nents— alcohol  for  the  fuel  and  the  oxygen-jammed  perchloric  acid 
to  suppi y  the  oxygen . 

As  in  child  rearing,  the  solution  often  becomesthe  problem.  The 
heat  generated  bythisalcohol-acid  reaction  was  intense  enough  that 
it  requi  red  the  development  of  a  new  "pot,"  or  combustion  chamber, 
which  a  col  league  was  able  to  do  on  fairly  short  order.  Once  the  new 
chamber  was  i  n  hand,  the  pure  oxygen  torpedo  became  a  strai  ghtfor- 
ward  engi  neeri  ng  probi  em.  By  1930,  the  oxygen  torpedo  al  ready  had 
entered  a  test  phase  It  demonstrated  again  how  NRL's  diversity  of 
expertise  could  mixand  match  to  solve  new  and  difficult  problems 

By  that  time  early  rocket  researchers  had  shown  that  the  combus 
tion  of  alcohol  with  the  oxygen-rich  vapors  of  perchloric  acid— a 
cranky  and  explosion  prone  reaction— could  generate  tremendous 
thrust.  "Furthermore"  Bichowsky  noted,  "the  use  of  organic  perch  lo¬ 
cates  [more  energy-packed  chemical  variations  of  perchloric  acid] 
seemed  to  offer  the  possi  bi  I  iti  es  of  devel  opi  ng  explosives  of  unheard 
power."^^  With  such  tantalizing  potential,  Bichowsky  was  able  to  hire 
additional  chemists  including  Dr.  ParryBorgstrom  who  would  come 
to  head  the  di  via  on. 

Oneofthenew  hi  res  who  would  work  on  this  problem  was  Walter 
Rosdtt.  Hehad  a  penchant fortaki  ngonsomeof  theodder  and  anal  ler- 
scal  e  probi  ems  that  woul  d  fi  I  ter  i  nto  the  di  visi  on.  These  i  ncl  uded  the 
development  of  secret  inks  and  fluorescent  materials  for  ultraviolet 
signaling.  Healso  ended  up  stuck  with  the  perilous  job  of  preparing 
ethyl  perchlorate  a  material  thatlooked  promising  for  producing  ex¬ 
plosives  of  unprecedented  power.  Bichowskyrecal  led  what  happened: 

'Thismaterial  was  known  to  beexplosive  Every  preceding  worker 
with  it  had  been  hurt  by  its  explosion,  but  wefelt  that  by  keeping  it 
under  water  we  would  be  the  exception  ...  We  made  about  5  cc  [a 
thi  mbi  eful  ]  without  troubi  e  and  were  engaged  i  n  measuri  ng  i  ts  prop- 
erties  I  had  IccandWalterhadtheremaining,  when, suddenly, the4 
cc  in  Rosett's  hand  blew  up,  and  followed  a  few  seconds  later  by  the 
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expl  osi  on  of  the  1  cc  i  n  my  hand .  Ro sett's  hands  were  bl  own  to  pi  eces 
H  e  I  ost  a  thumb  and  two  fi  ngers  on  one  hand  and  three fi  ngers  and  a 
part  of  the  fourth  on  the  other  hand.  I  had  had  time  to  lower  my 
hand  and  the  explosion  lacerated  a  palm  of  the  right  hand  and  one 

I  eg.  "^2 

Bi  chowsky  was  not  so  easi  I  y  di ssuaded  from  promi si  ng  I  eads  Al  - 
though  the  explosions  led  to  an  official  banning  of  work  on  organic 
explosives,  Bi  chowsky  recruited  another  chemist  and  together  they 
secretl  y  repeated  the  experi  ments  They  I  earned  that  by  repi  aci  ng  the 
pure  water  that  Bi  chowsky  and  Rosett  had  tried  with  a  slightly  alka¬ 
line  solution,  they  could  handlethe  perchlorate  relatively  easily  and 

safely.^3 

Asabalancetoall  oftheapplied  research,  Bi  chowsky  at  I  east  aimed 
to  have  about  one  third  of  his  division's  work  devoted  to  basic  sci¬ 
ence  H  e  suspected  that  was  the  way  to  create  an  envi  ronment  where 
young,  top-notch  scientists  might  want  to  cometo  work,  especially  at 
a  time  their  skills  were  in  demand.  One  early  attempt  to  work  on 
basic  issues  was  an  investigation  into  the  mechanisms  of  chemical 
reactions  occurring  inside  vacuum  tubes  Though  basic  on  the  sur¬ 
face  there  was  a  potential  technological  spin-off  in  the  form  of  new 
types  of  more  energy-effi  ci  ent  tubes  for  el  ectron  i  c  devi  ces 

Before  they  could  build  much  momentum  in  that  project,  how¬ 
ever,  a  more  i mmi nent  concern  diverted  thei r  attenti on.  The subma- 
ri  nes  of  thi  s  era  earn  ed  banks  of  over  100  battery  cel  I  s,  each  one  cen¬ 
tal  n  i  n  g  a  reserve  i  r  of  su  I  f  u  ri  c  aci  d .  Th  ese  batteri  es  i  n  term  i  ttenti  y  caused 
explosionsfor  unknown  reasons,  sometimes  with  tragic  results 

Bi  chowsky  recal  I  s  fi  ndi  ng  cl  ues  to  battery  expl  osi  ons  wh  i  I  e  crawl  - 
ingon  hands  and  knees  with  E.G.  Lunn,  a  colleaguein  thedivision, 
in  the  "smelly  hole  of  a  disreputable  pig  boat,"  by  which  he  meant  a 
submarine  Theyfound  that  theventilating  ducts  were  covered  with  a 
spray  of  sulfuri  c  aci  d.  The  si  ower  the  venti  I  ati  on,  the  more  aci  d  there 
was  On  the  bottom  of  the  ducts,  there  was  evidence  of  many  minor 
fi  res.  They  later  showed  these  were  produced  by  smal  I  sparks  gener- 
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ated  when  the  motion  of  theship  broke  the  conducting  film  of  acid. 
And  with  plenty  of  hydrogen  generated  from  the  action  of  acid  on 
metal,  the  elements  for  fires  were  well  in  hand. 

This  conclusion  led  to  the  need  to  determine  the  rate  of  battery 
ventilation.  Bichowsky  described  whatLunn  came  up  with: 

"...  the  technique  was  to  get  a  good  [cigar]  smoker  and  have 
him,  on  the  signal,  puffin  a  small  puff  of  smoke  into  the  entrance  of 
the  glass  tube  [associated  with  each  battery  cell].  Dr.  Lunn,  with  a 
stop  watch,  would  measure  the  time  taken  for  the  smoke  to  travel 
down thetubeand,thus,therateof  batteryventilation  . . .  Eventually, 
Dr.  Lunn  had  to  invent  a  chemical  cigar  smoking  machine  to  furnish 
thenecessarypuffs"^Helatertookon  the  natural  sequel,  which  was 
to  fi  nd  a  way  to  reduce  the  aci  d  spray  from  the  batteri  es  Part  of  the 
solution  was  to  supplyeach  cell  with  its  own  ventilation  rather  than 
thecommon  ventilation  pathway  that  proved  hazardous  Part  was  to 
redesi  gn  the  batteri  es.'^^ 

Like  the  torpedo  work,  this  project  was  very  much  in  therealm  of 
appi  i  ed  sci  ence  Asi  de  from  a  few  smal  I  forays  i  nto  more  basi  c  i  ssues 
such  as  chemical  reactions  in  a  vacuum,  however,  the  division's  ini¬ 
tial  work  focused  almost  completely  on  short-term  problems  that  their 
sponsors  in  several  Navy  bureaus  needed  solved.  Besides  the  several 
submarine- related  projects,  the  division's  repertoire  diversified  into 
such  areas  as  the  search  for  anti-foul  i  ng  pai  ntSy  better  di  el  ectri  c  mate- 
rialsfor  making  high-frequency  radio  components,  illuminated  gun 
si  ghts,  and  ways  of  recoveri  ng  water  from  the  exhaust  of  the  engi  nes 
of  di  ri  gi  bl  es  ( I  i  ghter  than  ai  r  vehi  cl  es)  to  compensate  for  wei  ght  I  ost 
to  the  burning  of  fuel. 

As  the  Laboratory's  technical  scope  diversified  and  expanded 
throughout  the  1920s,  i  ncreasi  ng  amounts  of  money  from  the  Bu¬ 
reau  of  Engineering  were  funnel  ed  into  the  fledgling  NRL.  Si  nee  the 
Laborator/sadministrativelocation  was  with  in  the  office  of  the  Sec¬ 
retary  of  the  Navy,  it  was  one  step  removed  from  di  rect  bureau  over¬ 
sight,  however.  It  stood  to  reason  that  a  new  round  of  questions  about 
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the  Laboratory's  appropriate  place  in  the  Navy  was  bound  to  arise 
The  crash  of  the  stock  market  in  1929  and  the  general  money  con¬ 
sciousness  thiswould  produce  in  every  sector  of  the  economy  helped 
fuel  a  major  soul  search  at  N  RL  i  n  the  early  1930s. 


Chapter  4 


An  0  rphan  Proves  Itself 


For  all  of  Thomas  Edison's  opposition  and  bellyaching  after  the 
Laboratory's  overlong  gestation  during  the  Great  War  and  the  early 
1920s,  the  Laboratory  actually  opened  its  doors  much  as  the  great 
inventor  had  envisioned  it  should.  Saveforafew  PhD  scientists  the 
technical  staff  was  populated  by  engineers  who  did  not  mind  getting 
dirt  under  their  fingernails  Most  of  thework  was  aimed  at  inventing 
new  gadgets,  rather  than  adding  to  what  Edison  believed  was  an 
already  enormous  heap  of  untapped  basic  scientific  understand- 
ing.i  Moreover,  the  Naval  Consulting  Board  saw  to  it  that  the 
Laboratory  had  a  state-of-the-art  shop  with  a  staff  that  could  make 
just  about  anything.  Although  NRL  had  not  become  a  pi  ace  where  a 
submarinecould  get  builtfrom  scratch  in  15  days,  as  Edison  had  once 
told  Congress  the  Laboratory  ought  to  be  able  to  do,  it  had  begun 
life  as  a  small -scale  invention  factory  not  so  unlike  Edison's  own  in 
Newjersey. 

One  of  Edison's  main  fears  did  appear  to  come  true  however. 
Rather  than  civilians.  Naval  officers  were  at  the  top  of  Laboratory 
management.  Realistically,  it  could  never  have  been  otherwise  It 
was  the  Navy  after  all  that  was  footing  the  bill  for  the  Laboratory. 
And  the  whol  e  poi  nt  of  i  ts  exi  stence  was  to  keep  the  N  avy  at  the  fore¬ 
front  of  military  technology.  Captain  E.L.  Bennetwasthefirst  official 
director.  ButNRL  was  onlyone  of  hismany  responsibilities  and  his 
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office  was  at  the  Navy  Department,  not  the  Bellevue  site  It  was 
Captai  n  0  berl  i  n,  by  titi  e  the  Laboratory's  fi  rst  assi  stant  di  rector,  who 
was  the  hands-on  manager  of  NRL.  He  made  most  of  the 
decisionsforNRL  during  histenure  which  lasted  until  1931. 

Captain  Oberlin  was  keen  I  y  aware  of  the  natural  I  yconf  I  icting  re¬ 
lationship  hisnew  laboratory  would  have  within  the  context  of  the 
U.S.  Navy  For  one  thing,  NRL  would  have  to  answer  to  its  financial 
supporters  at  the  N  avy  materi  el  bureaus  and  i  n  Congress  Yet  0  berl  i  n 


zealouslybdieved  the  Laboratory  needed  to  defend  itsautonomyfrom 


any  specific  bureau.  Otherwise 
hefeared,  it  would  become]  ust 
an  oth  er  N  avy  en  g  n  eeri  n  g  f ad  I - 
ityinstead  oftheuniquebroad- 
based  research  Mecca  its  con- 
cei  vers  had  wanted. 


Captain  Edgar  G.  Oberlin  was  the 
Laboratory's  first  assistant  director 
and  its  sixth  director  proper.  Early  in 
1 930,  he  went  head  to  head  against 
powerful  Navy  officers  in  the  Bureau 
of  Engineering  who  wanted  to  wrest 
control  of  the  young  Laboratory. 
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The  Laboratory's  initial  administrative  placement  under  the  Sec¬ 
retary  of  the  N  avy,  rather  than  under  any  parti  cul  ar  bureau,  hel  ped  to 
enforce  a  degree  of  autonomy.  M  ost  of  the  money  for  doi  ng  research 
i  n  the  earl  y  years  of  the  Laboratory,  however,  di  d  come  from  the  Bu¬ 
reau  of  Engi neeri  ng,  whi ch  had  specif! c  communi cati ons and  subma- 
ri  ne  detect!  on  probi  ems  it  wanted  the  Laboratory  to  sol  ve 

In  spite  of  these  realities.  Captain  Oberlin  championed  the  cause 
of  expand!  ng  the  Laboratory's  techni  cal  base  i  nto  areas  of  more  basi  c 
science  for  which  funds  might  not  be  so  readily  available  The  Heat 
and  Light  Division  came  to  bein  1924  only  after  Captain  Bennet  re¬ 
luctantly  approved  its  creation  on  faith  that  the  Radio  Di  vision's  Tay¬ 
lor,  Hayes  of  the  Sound  Division,  and  Captain  Oberlin  knew  what 
they  were  doing  in  proposingit.^  The  new  division  had  no  automatic 
constituency  i  n  the  N  avy.  The  mai  n  argument  for  i  ts  creati  on  was  that 
NRL  ought  to  be  able  to  do  any  kind  of  research  work  so  long  as  it 
held  some  promise  to  be  useful  to  the  Navy.  A  Navy  relies  on  heat  and 
light  so  aDivision  of  Heat  and  Light  was  not  so  outlandish. 

Like  the  Heat  and  Light  Division,  the  Division  of  Physical  Metal- 
I  u  rgy  began  wi  th  out  bu  reau  su  ppo  it  but  th  en  q  u  i  ckl  y  proved  i  ts  wo  rth 
with  such  successes  as  thegammaradiog'aphyre/elationsoftheNavy's 
metal  casting  probi  ems  Thestart  of  theChemistryDivisi  on  more  re¬ 
sembled  the  Radio  and  Sound  Divisions  in  thesensethat  it  had  Bu¬ 
reau  support  from  the  start.  In  the  Chemistry  Division's  case  how¬ 
ever,  the  Bureau  of  Ordnance  played  the  role  of  sponsor  rather  than 
the  Bureau  of  Engineering.  Although  still  in  its  infancy  at  the  end  of 
the  1920s,  the  Laboratory  had  achieved  a  sol  I d  footi  ng. 

Attheend  of  1929,  when  thestock  market  crashed  and  thecoun- 
try  began  fal  1 1  ng  i  nto  the  Great  Depress!  on,  the  Laboratory,  whi  ch  by 
then  had  a  total  budget  of  $559,655,^  actually  was  not  hit  so  hard.  As 
Tayl or  recal  I ed  it  years  I ater,  the  Depress!  on  had  I  itti  e  I  mmedi  ate  ef¬ 
fect  on  the  Laboratory.  Two  scientists  were  dismissed  for  an  initial 
total  savings  in  salary  of  $12,000  per  year.  Later  during  the  Depres¬ 
sion  years  every  civilian  employeein  the  Government  took  a  tempo¬ 
rary  pay  cut.'^ 
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The  Depression  did,  of  course  raise  fiscal  consciousness  every¬ 
where  including  in  the  Navy's  Bureau  of  Engineering,  which  peren- 
niallyhad  been  supplying  more  than  half  of  NRL'stotal  budget.  Money 
for  less-than-imminent  Navy  concerns  like  say,  leading-edge  basic 
research,  was  becomi  ng  even  more  scarce^ 

Onereflection  of  the  scarcity  of  money  became  apparent  in  1930 
in  the  aftermath  of  a  momentous  discovery  on  June  4  by  Lawrence 
Hyland  and  Leo  Young  in  the  Radio  Division.  The  discovery  nearly 
died  on  thevinefor  lack  of  financial  support. 

Years  I  ater.  Young  recal  I  ed  the  moment: 

"l/l/e  were  conducting  experiments  reiative  to  guiding  pianesinto 
a  fieid  using  high-frequency  beams .  .  .  l/l/e  were  fiying  a  piane 
determining  just  what  effects  were  in  the  air  when  the  piane  was 
trying  to  foiiow  these  beams  and  what  not. " 

"in  making  some  fieid  measurements  on  this  set-up,  Mr.  L.A. 

Hyiand  had  fieid  strength  [ measuring]  equipment  out  at  what  is 
now  the  iower  end  of  Boiiing  fieid,  just  north  of  the  Laboratory. 

And  of  course,  assoon  as pianes  began  fiying  around,  he  noticed 
the  meter  bobbing  aii  up  and  down  ...  [He]  determined  that  he 
was  getting  some  kind  of  effect  from  pianes  that  fiew  through 
those  beams  1/1/ hen  he  came  in  he  immediateiy  brought  it  to  our 
attention,  and  of  course,  we  immediateiy  realized  that  we  were 
getting  the  same  effect  from  pianes  that  we  had  from  a  ship  back 
in  1922."^ 

What  Hyland  had  observed  in  his  receiver  was  an  intermingling 
of  two  signals  One  came  directly  from  thetransmitterand  normally 
would  have  produced  a  continuoussignal.  Instead,  a  secondary  beam 
refi  ecti  ng  from  the  pl  ane  was  i  nterferi  ng  with  the  pri  mary  si  gnal ,  cre- 
ating  an  interference  pattern.  As  the  plane  moved,  and  with  it  the 
origin  of thereflected  beam,  so  did  theebbsand flows! n  signal  strength 
character! Stic  of  an  interferencepattern.  When  that  littledial  bobbed 
down,  the  si  gnal  was  waning;  and  when  it  swung  back  up,  thesi  gnal 
was  waxi ng.  Although  it  wasn't  the  fi  rst  ti  me  anyone  had  detected  a 
moving  object  using  radio  signals  this  was  a  historic  moment  for  the 
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Naval  Research  Laboratory.  It  marked  the  beginning  of  its  effort  to  pro¬ 
duce  the  U  .S.  N  av/s  fi  rst  generati on  of  radar  technol  ogy. 

Hyland  had  found  that  radio  could  be  used  to  detect  airplanes 
Since  airplanes  were  becoming  a  serious  component  of  warfare  his 
observation  presaged  the  U.S.  development  of  radar  with  more  force 
than  Taylor's  and  Young's  radio  detection  of  a  wooden  ship  on  the 
Potomac  from  H  ai  nes  Poi  nt  ei  ght  years  earl  i  er  j  ust  before  they  moved 
to  NRL. 

Throughout thesummer and  earlyfall,  Hyland,  Young,  andTaylor 
performed  more  experiments  They  varied  the  antennae  shape  They 
used  different  frequencies  They  even  drove  a  receiver  around  in  a  car 
so  as  to  si  mul  ate  the  moti  on  of  a  shi  p  as  i  t  mi  ght  try  to  detect  a  pi  ane 
i  n  the  ai  r.  By  earl  y  N  ovember,  Tayl  or  was  ready  to  i  nform  the  Bureau  of 
Engineering  of  the  development.  In  his  U-page  letter  he  wrote: 

"TheL  aboratory  has  at  present  tm  definite  object!  ves  in  this  work: 
the  first  is  to  detect  the  presence  of  moving  objects  in  the  air  or  on 
water,  possibly  later  even  on  the  ground,  at  such  distances  that 
their  detection  by  other  well-known  methods  is  difficult  or  impos¬ 
sible  It  may  be  noted  that  the  personnel  piloting  any  moving  ob¬ 
ject  would  probably  not  know  that  any  observations  were  bang 
taken  upon  them.  Second,  to  develop ...  a  method  of  measuring 
the  velocity  of  moving  objects  at  great  heights  or  at  conaderable 
distance,  or  on  the  surface  of  the  water . . .  It  is  not  desired  in  this 
report  to  give  the  Bureau  the  impression  that  the  work  is  anything 
like  in  a  finished  state  but  it  does  appear  to  this  Laboratory  to  be 
far  enough  advanced  to  warrant  much  further  and  intensive  in¬ 
vestigation  over  a  conaderable  period  of  time 

The  bureau  was  not  i  mmedi  atel  y  moved  by  Tayl  or's  I  etter  to  send 
NRL  more  support  to  pursue  the  technol  ogy.  In  January,  1931,  Com¬ 
mander  E.D.  Almy,  who  then  was  NRL's  acting  director,  bolstered 
Taylor's  pitch  with  a  letter  to  the  bureau.  Hewrote: 

"The  Director  considers  [this]  subject  matter  of  the  utmost  im¬ 
portance  and  of  great  promise  in  thedetection  of  surface  ships  and 
aircraft.  N  o  estimate  of  its  limitations  and  practical  value  can  be 
made  until  it  has  been  developed.  However,  it  appears  to  have 
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great  promise  and  its  use  [ appears  to  be]  appiicabie  and  vaiuabie 
in  air  defense,  in  defense  areas  for  both  surface  and  aircraft  and 
for  the  fieet  in  scouting  the  iine "® 

The  I etter  apparently  carri ed  some  wei ght.  J  ust  days  after  recei v- 
ing  the  letter,  the  bureau  assigned  the  Laboratory  a  problem  desig¬ 
nated  asW5-2,  which  it  emphasized  as  confidential.  The  now  historic 
probi  em  specifi  ed  that  the  Laboratory  "i  nvesti  gate  use  of  radi  o  to  de¬ 
tect  th  e  presen  ce  of  en  emy  vessel  s  an  d  ai  rcraft. Th  e  wri  tten  ackn  owl  - 
edgment  by  the  bureau  that  it  was  i  nterested  in  detection  of  objects 
by  radio  was  welcome  The  bureau's  assignment  of  problem  W5-2 
amounted  to  an  unfunded  mandate  however.  The  bureau  still  did 
notallocateadditional  money,  which  meantanyradio  detection  stud¬ 
ies  would  have  to  compete  with  existing  radio  projectsof  higher  pri¬ 
ority  to  which  men  and  money  already  were  committed. 


A  page  from  patent 
1,981,884  fora  "System 
for  Detecting  Objects  by 
Radio,"  whose  iater 
incarnations  wouid  be 
known  as  radar. 
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Later  i  n  theyear,  Captai  n  0  berl  i  n  took  over  theful  I -fl edged  di  rec- 
torshi  p  of  the  Laboratory.  I  n  that  capacity,  he  wrote  a  desperate  I  etter 
to  the  Secretary  of  the  Navy  on  Novennber2, 1931.  In  it,  he  lamented 
the  practi  ceof  the  bureaus*  whosefunds  wereal  ready  overl  y  subscri  bed, 
to  sidestep  real  support  of  longer-term  research  in  order  to  expedite 
short-term  projects  that  promised  economic  return.  Aside  from  a  few 
written  words,  0  berl  in  noted  in  the  letter  that  no  money  came  from 
the  bureaus  to  pursue  the  promising  lead  of  detecting  airplanes  by 
radio.  "On  the  other  hand,"  0  berl  in  continued  by  way  of  example 
"recent  discoveries  which  affect  radio  transmission  were  immediately 
taken  up  by  the  bureau  as  they  showed  a  means  of  meeti  ng  a  I  ong- 
recognized  need  and  perhaps  of  effecting  considerable  economies 
The  last  example  further  supports  the  contention  that  the  bureau's 
immediatefinancial  interests  are  the  control  ling  factor  in  their  useof 
fundsavailable"^ 

If  that  were  the  case  and  Oberlin  feared  itwas,  then  there  would 
be  no  place  for  long-term  research.  And  without  long-term  research, 
theNavy  would  havenorolein  advanced  science  or  even  morespecu- 
I  ati  ve  engi  neeri  ng.  Yet  that  was  j  ust  the  ki  nd  of  rol  e  the  N  RL  I  eader- 
ship  thought  its  Laboratory  ought  to  have  in  the  world.  Patient,  ad¬ 
equate  support  for  research  was  requi  red  to  transform  di scoveri  es  I  i  ke 
Hyland's  bobbing  radio  receiver  dial  into  valuable  new  tools  for  the 
Navy. 

The  future  of  N  RL's  soul  was  not  merely  an  abstract  concern  for 
Captai  n  0  berl  i  n  at  the  ti  me  he  wrote  hi  s  I  etter  to  the  Secretary  of  the 
Navy.  By  secretly  arranging  to  shift  NRL  from  its  administrative  loca- 
ti  on  withi  n  the  offi  ce  of  the  Secretary  of  the  N avy  to  resi  de  i  nstead 
within  the  Bureau  of  Engineering,  the  Bureau's  top  officers  had  been 
orchestrati  ng  a  veritabi  e  coup  d'etat  to  wi  n  control  of  the  Laboratory. 

That  the  bureau  meant  business  was  made  pai  nful  I y  obvious  to 
Oberlin  on  oneSaturdaymorninginthefall  of  1931.  As  he  recounted 
i  n  a  I  etter  to  an  offi  cer  fri  end  wri  tten  soon  after,  a  I  ow-ranki  ng  offi  cer 
fromtheBureau  of  Engineering  dropped  into  hisoffice  without  warn¬ 
ing.  The  offi  cer  had  orders  to  take  over  the  Laboratory!  0  berl  i  n  soon 
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learned  thatAdmiral  Samuel  Cooper,  head  of  theBureau  of  Engineer¬ 
ing,  had  been  in  secret  correspondence  with  theSecretaryof  the  Navy, 
Cl  aude  Swanson,  about  the  fate  of  the  Laboratory  for  some  ti  me  J  ust 
days  before  Oberl  in  saw  the  take-over  order,  this  correspondence  re¬ 
sulted  in  theofficial  transfer  of  control  to  the  Bureau  of  Engineering. 

Thefirst  item  of  "Navy  General  Order223"  of  Novembers,  1931, 
which  was  signed  by  the  Secretary,  read,  'The  administration  of  the 
Naval  Research  Laboratory  is  hereby  placed  under  the  cognizance  of 
the  Bureau  of  Engi  neeri  ng."“  The  transfer  of  N  RL  to  the  bureau  was  a 
done  deal,  yet  Oberlin,  the  Laboratory's  director,  never  had  a  say  in 
the  discussion  leading  to  the  decision. 

The  conspi  racy  of  the  men  behi  nd  the  transfer  became  pai  nful  ly 
clear  to  Oberlin  once  he  got  hold  of  the  relevant  memoranda  and 
letters  The  conspiracy  had  began  to  reach  its  crescendo  on  October 
10, 1931,  when  Stanford  C.  Hooper,  the  Director  of  Naval  Communi¬ 
cations  within  the  Bureau  of  Engineering  and  a  long  time  critic  of 
NRL  as  too  research-oriented,  wrote  a  memorandum  to  hissuperior. 
Admiral  Samuel  M.  Robinson,  head  of  the  bureau.  "In  confirmation 
with  our  discussion  yesterday  on  the  subject  of  Bellevue  [NRL]," 
Hooperwroteto  Robinson,  "myfeelingisthatiftheLaboratoryisto 
be  retained  by  the  Navy  it  must  be  administered  directlyunder  a  Bu¬ 
reau,  otherwise  thecost  of  theLaboratory  will  continueto  mount  out 
of  all  bounds,  and  theLaboratory  [will]  become  so  headstrong  that 
little  good  for  the  Navy  will  come  out  of  it. 

After  portrayi  ng  N  RL  as  an  i  nferi  or  i  mpostor  to  the  nati on's  great 
research  I aboratori  es  where  he  bel  i  eved  the  most  advanced  N  avy  re¬ 
search  ought  to  take  pi  ace  Hooper  continued  hisdiatri  be  with  a  cyni¬ 
cal  edge:  "Frankly,  I  have  never  been  able  to  get  the  results  desired 
from  Bellevue  and  we  never  will  get  these  results  because  we  can  not 
possibly  spend  enough  money  there  so,  insofar  as  research  is  con¬ 
cerned,  I  would  favor  abolishing  the  laboratory. . .  "  All  that  should 
remain,  he  continued,  are  maybe  a  half-dozen  "research  techni cists 
[sic]"  whose  role  would  be  to  keep  the  bureau  abreast  of  work  goi  ng 
on  at  commercial  laboratories 
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Robinson  concurred  with  Hooper.  More  than  that,  he  packaged 
Hooper'smennorandunn  with  alike-minded  memorandum  of  hi  sown 
dated  October  14,  procured  the  signatures  of  approval  of  thechiefsof 
the  Bureaus  of  Ordnance  Construction  and  Repairs,  and  Aeronautics, 
and  sent  the  documents  to  the  Chief  of  Naval  Operations  Robinson 
cal  led  for  a  draconian  reduction  in  NRL  staff,  a  shift  of  the  Laboratory's 
mission  to  the  testing  of  equipment  developed  by  commercial  firms, 
and  placement  of  the  diminished  facility  directlyundertheBureau  of 
Engi  neeri  ng.^^  The  next  morni  ng,  the  Secretary  of  the  N  avy  approved 
the  memorandum. 

A  weeklater,  by  which  time  the  bureau  had  sent  its  Saturday  mes¬ 
senger  to  NRL,  Oberlin  desperately  began  countering  the  events  that 
had  transpired  behind  his  back.  To  his  mi  nd,thestakes  could  not  have 
been  higherfor  the  Navy  and  he  was  willing  to  put  his  career  on  the 
I  i  neto  steer  N  RL  out  of  the  I  ethal  danger  that  others  had  exposed  it  to. 
In  an  October  22  memorandum  to  the  Chief  of  Naval  Operations  he 
wrote  that  "it  would  be  far  preferable  to  close  down  the  Laboratory 
entirely  as  a  research  activity  than  transfer  it  as  such  to  any  bureau. 

El  even  days  I  ater,  on  N  ovember  2,  O  berl  i  n  sent  a  13-page  memo¬ 
randum  to  the  Secretary  of  the  Navy  in  which  he  identified  the  battle 
over  N  RL's  pi  ace  i  n  the  N  avy  with  the  bi  gger  and  more  i  mportant  issue 
of  the  Navy's  general  policy  on  research.  "I  am  convinced  that  placing 
the  Laboratory  under  any  bureau  will  totally  defeat  the  purpose  for 
which  the  Laboratory  was  authorized  and  intended,"^^  he  wrote  For 
one  thing,  the  Laboratory  would  no  longer  be  able  to  consider  the 
Navyasawholebutratheritinevitablywould  become  an  organ  of  the 
single  bureau.  For  another  thing,  engineering  work  to  solve  immedi¬ 
ate  problems  would  supplant  any  long-term  research  to  prepare  the 
N  avy  for  future  chal  I  enges 

Therein  lies  the  crux  of  the  issue  On  page  10  of  his  memorandum, 
Oberlin  wrote: 

"...  a  research  laboratory  does  not  exist  for  solving  immediate 
and  pressing  needs  for  materiel  development,  although  under  cer¬ 
tain  circumstances  it  might  render  assistance  along  those  lines 
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1/7 hether  the  N  avy  is  warranted  in  expending  funds  for  generai 
research  is  a  question  on  the  answer  to  which  the  future  of  the 
Navai  Research  Laboratory shouid  depend." 

At  the  end  of  the  lengthy  memo  ran  dum,  Oberlin  drew  a  line  in 
the  sand: 

"/  stand  ready  to  stake  my  professionai  reputation  and  future 
navai  career  upon  the  prediction  thatfuii  investigation  and  unbi¬ 
ased  judgment  by  a  quaiified  body:- 

( a)  wiii  find  that  the  decision  arrived  at  and  poiicies  adopted 
when  the  Laboratory  was  first  estabiidied  remain  correct; 

( b)  wiii  pronounce  the  N  avai  Research  Laboratory  a  vitai  part  of 
the  N  avai  Estabiishment; 

(c)  wiii  decide  that  navai  research  is  an  economicai  and 
essentiai  assurance  of  nationai  defense;  and 

(d)  wiii  be  convinced  that  piacing  the  Laboratory  under  any 
bureau  wiii  stifie  if  not  entirety  eiiminate  research  and  wiii 
narrow  the  work  to  that  bureau's  needs  rather  than  render  it 
of  vaiue  to  the  Navy  as  a  whoie,  thus  effect!  veiy  nuiiifying 
the  purpose  for  which  the  Laboratory  was  estabiidied. " 

I  n  a  presci  ent  cl  osi  ng,  0  berl  i  n  wrote  that  "the  pri  nd  pi  es  i  nvol  ved 
areoftoo  great  naval  importanceto  warrant  the  I  east  cons!  deration  of 
any  personal  or  selfish  interests." 

The  issue  ascended  to  the  Navy's  highest  advisory  body,  the  Gen¬ 
eral  Board,  which  subsequently  made  a  thorough  inquiry  into  the 
questions  of  the  proper  function  and  administrativelocation  of  NRL. 
The  opinion,  which  they  issued  on  February  9,  1932,  vindicated 
Oberlin.  Itendorsed  his  belief  that  the  Navy  needed  a  laboratory  I  ike 
N  RL  whose  mi  ssi  on  was  I  ong-term  research .  M  oreover,  the  Board  rec¬ 
ommended  that  NRL  remain  in  a  more  central  location  of  Naval  ad¬ 
ministration,  specificallysuggestingtheOffice of  the  Chief  of  Naval 
Operations 
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It  looked  like  Oberlin's  gambit  would  work.  A  few  weeks  later, 
however,  a  ruling  came  through  from  thesameSecretary  of  theNavy 
that  had  approved  Ftobinson's original  memorandum  suggest! ngNRL's 
administrative  transfer.  NRL  would  remain  under  the  cognizance  of 
the  Bureau  of  Engi  neeri  ng.  Stri  ke  two  for  0  berl  i  n . 

The  determined  0  berl  in  made  one  more  attempt  to  reverse 
thedecision,thistimetryingto  go  overthehead  of  the  entire  Navy  by 
appeal  i  ng  to  the  Subcommittee  of  N  aval  Appropri  ati  ons  of  the  H  ouse 
of  Representatives  Appropriations  CommitteeL  He  succeeded  in  get- 
ti  ng  the  topi  c  of  N  RL  onto  the  agenda  of  the  subcommittee's  upcom- 
ing  hearings,  partly  due  to  support  from  Miller  Reese  Hutchison. 
Hutchison,  Edison's  long-time  assistant,  remained  a  member  of  the 
extant  though  inactive  Naval  Consulting  Board  from  which  NRL 
sprang,  and  he  was  a  fri  end  of  one  of  the  Congressmen  on  the  sub¬ 
committee^® 

Before thehearings  began,  however,  Oberlin's  maverick  cam¬ 
paign  caught  up  with  him.  His  superiors  and  enemies  were  able  to 
relieve  him  of  his  NRL  directorship  and  place  him  into  a  veritable 
holding  pen  as  "the Technical  Aide  to  the  Secretary  of  the  Navy,"  a 
position  that  was  little  mo  re  than  a  title 

The  aftermath  of  the  subcommittee  head  ngs  on  N  RL  fol  I  owed  a 
path  si  mi  I  ar  to  that  fol  I  owed  after  the  General  Board  of  the  N  avy  gave 
their  assessment  of  the  situation.  Like  the  General  Board,  the  sub- 
commi  ttee  i  denti  fi  ed  the  Laboratory  as  a  pi  ace  of  I  ong-term  research 
centered  on  basi  c  sci  ence  and  not  on  engi  neeri  ng  and  testi  ng.  A  strong 
endorsement  of  0  berl  i  n's  vi  ew  came  from  subcommittee  member  Rep¬ 
resentative  William  Oliver.  In  a  rebuttal  to  Admiral  Robinson's  argu¬ 
ment  for  transferring  control  of  NRL  to  hisbureau,  Oliver  said, 

"So  long  as  you  lend  undue  emphasis  to  the  testing  side,  or,  as 
you  call  it,  the  experimental  side  of  the  work  there,  you  will  soon 
lose  sight  of  that  which  is  equally,  yes,  far  more  important,  per¬ 
haps,  the  scientific  and  research  study  of  great  underlying  prob¬ 
lems,  that  not  only  will  cause  you  to  advance,  but  will  invite 
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others  from  the  outside  to  come  in  and  wiiiingiy  iend  their  aid 
and  assistance  to  you  in  advancing. 

Moreover,  thesubcommittee agreed  that  NRL  ought  notto  boun¬ 
der  the  wi  ng  of  the  Bureau  of  Engi  neeri  ng. 

Despite  all  of  this,  Secretary  Adams  was  unmoved.  NRL  remained 
under  the  Bureau  of  Engi  neeri  ng. 

Captain  Oberlin's  half-year  long  battle  against  the  Naval  estab¬ 
lishment  to  keep  NRL  out  of  the  hands  of  the  Bureau  of  Engineering 
resulted  first  in  his  dismissal  as  NRL's  director  and  thereafter  to  his 
retirement  on  July  15, 1932.  His  cause  was  not  entirely  lost,  however. 
Thephilosophical  endorsementfortheNavy'sneed  of  long-term,  basic 
sci  entifi  c  research  from  both  the  govern  i  ng  board  of  the  N  avy  and  the 
U.S.  HouseofRepresentativesSubcommitteeof  Naval  Appropriations 
had  lasting  effects  Without  these  high  level  reiterations  of  Oberlin's 
passionate  vision  of  whatNRLou^tto  become  the  Laboratory  might 
well  have  evolved  into  just  another  engineering  laboratory  as  other 
officers  in  the  Naval  hierarchy  would  have  had  it. 

I  ronical  ly,  N  RL's  transfer  to  the  Bureau  of  Engi  neeri  ng  mi  ght  have 
been  what  saved  the  Laboratory  from  capsizi  ng  duri  ng  the  fi  nanci  al 
andadministrativewhitewatersoftheearlyand  mid-1930s  AsA.  Hoyt 
Taylor  assessed  thesituation  in  hindsight,  "...  itisdoubtful  whether 
our  research  would  have  been  so  plentifully  supplied  with  operating 
funds  had  we  remained  under  the  Secretary  during  the  financial  de¬ 
pression."  What's  more  thestrong  administration  of  the  bureau  helped 
to  stabilize  the  Laboratory  during  a  rapid  succession  of  five  different 
military  directors  during  the  three  years  following  Oberlin's  depar¬ 
ture  in  1931.1® 

The  Laboratory  sti  1 1  had  qui  te  a  way  to  go  before  becomi  ng  a  ful  I  - 
fledged  member  of  the  Naval  community.  That  the  Laboratory  was 
strongly  in  need  even  of  name  recognition,  let  alone  recognition  for 
the  work  of  its  staff,  becomes  cl  ear  in  an  oft-told  and  probably  apoc¬ 
ryphal  account  in  which  a  Naval  officer  yachting  by  the  Laboratory 
nearly  swatted  NRL  from  the  Earth  as  though  it  were  a  fly  that  had 
alighted  on  hisarm.i® 


chapter  4  -  an  orphan  proves  itself  ♦  77 


The  Laboratory  staff  on  April  4,1935.Justshyofl00,  the  entire  staff 
lit  easily  into  a  single  portrait. 


In  Taylor's  version  of  the  story,  it  happened  this  way:  "A  certain 
hi  gh-ranki  ng  offi  ci  al  was  taki  ng  a  weekend  tri  p  down  the  Potomac  i  n 
the  Secretary's  yacht.  On  passing  the  grounds  of  the  Naval  Research 
Laboratory,  he  pointed  to  the  white  buildings  on  his  left  and  asked 
what  that  pi  ace  was  Finally,  somebody  said  itwastheNaval  Research 
Laboratory.  'Well,'  said  the  official,  'What  do  they  do  there?'  It  ap¬ 
peared  that  no  member  of  the  party  knew  what  the  Laboratory  was 
doing  and  so  the  offi  dal  made  a  memorandum  then  and  there  not¬ 
ing  that  i  n  the  i  nterest  of  economy  the  acti  vi  ty  mi  ght  as  wel  I  be  abol  - 
ished.  Several  official  moves  in  that  direction  had  already  been  made 
when  we  heard  of  it. "2° 

N  everthel  ess,  the  Laboratory  di  d  not  go  down  I  i  ke  some  hapi  ess 
fl  y.  0  n  the  contrary,  the  techni  cal  brew  of  the  Laboratory  was  begi  n- 
ningto  reach  a  critical  mass  Unplanned  and  unexpected  confluences 
of  human  insight  and  state-of-the-art  equipment  began  to  yield  re¬ 
sults  that  would  help  to  change  not  only  the  nature  of  warfare  but 
also  the  human  relationship  to  sky  and  ocean. 

The  Laboratory's  humble  complement  of  a  half-dozen  divisions 
each  with  its  own  staff  and  range  of  expertise  began  to  mix  and  match. 
New  divisions  budded  from  existing  ones  From  the ChemistryDivi- 
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Sion,  for  example  cametheThermodynamics  Division,  which  inher¬ 
ited  and  expanded  its  parent  division's  original  problem  of  convert¬ 
ing  heat  from  chemical  reactions  into  propulsive  power  for  torpe¬ 
does  Only  three  years  later,  this  new  division  would  merge  with  the 
Physical  Metallurgy  Division  to  become  themultisyllabicThermody- 
namicsand  Physical  Metallurgy  Division.  The  Mechanics  and  Elec¬ 
tricity  Division  was  an  outright  newcomer  that  later  would  be  recast 
as  the  Mechanics  Division.  Divisions  could  come  and  go  on  short 
order,  too.  The  short-lived  Aeronautics  Division,  after  failing  to  at¬ 
tract  support  from  the  N  av/s  Aeronaut!  cs  Bureau,  was  resorbed  i  nto 
the  Radio  Division  from  which  it  had  temporarily  sprung. 

To  those  involved  in  the  bickering  and  maneuveringof  1931  and 
1932  atthehighestlevelsoftheNavy  and  beyond,  it  was  the  very  soul 
of  N  RL  that  was  at  stake  The  actual  changes  i  n  the  Laboratory  and  its 
research  agenda  were  small  and  temporary.  To  curtail  speculative  re¬ 
search  and  i  nstead  stress  the  short-term  needs  of  the  N  avy  i  n  the  fi  - 
nanci  ally  strapped  times  of  the  Depression,  for  example  the  bureau 
increased  the  number  of  testing  problems  for  the  Radio  and  Sound 
Divisions  from  10  in  1930  to  68  in  1934.  The  bureau  also  split  the 
Radio  Division  into  a  20-man  engineering  division  and  a  smaller,  9- 
man  research  division.  Thesplit  proved  too  artificial  and  counterpro¬ 
ductive  and  thetwo  were  reunited  withi  n  a  year. 

By  1935,  the  pol  i  ti  cal  and  economi  c  context  that  had  so  harassed 
Captain  Oberlin  began  to  disappear.  Asthe economy  began  recover¬ 
ing  from  the  Depression  during  the  long  administration  of  Franklin 
Delano  Roosevelt,  money  for  long-term  research  began  to  dribblein. 
Congress  even  appropriated  an  extra  $100,000  to  the  Laboratory. 

At  abo  ut  th  e  same  ti  me  0  berl  i  n 's  n  emesi  s  tag  team  at  th  e  Bu  reau 
of  Engineering,  Captain  Hooper  and  Admiral  Robinson,  both  I  eft  the 
Bureau  of  Engineering.  Taking  Robinson's  pi  ace  as  the  Navy's  "Engi¬ 
neer-in-chief"  was  Rear  Admiral  Harold  G.  Bowen,  who  was  person¬ 
ally  interested  enough  in  NRLto  placeitdirectlyunder  hisauthority 
in  the  bureau  instead  of  under  the  bureau's  Radio  Division  whereit 
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had  been  during  Robinson's  reign.  Unlike  Robinson,  Bowen  was  a 
great  supporter  of  basic  research.  And  now  he  had  N  RL  as  a  research 
i  nstrument  of  his  own. 

U  nder  the  banner  of  Bowen's  Bureau  of  Engi  neeri  ng  duri  ng  the 
1930s,  N  RL  researchers  began  to  score  the  ki  nds  of  successes  th  at  woul  d 
end  debates  about  whether  the  Laboratory  should  exist  or  not.  These 
came  I  argel  y  from  the  creati  vegeni  us  of  engi  neers  and  i  nventors  rather 
than  from  basic  scientific  discovery.  The  most  emblematic  success 
duri  ng  this  peri  od  was  the  devel  opment  of  radar  whose  name  is  cred¬ 
ited  to  Captain  Sam  Tucker  of  the  Bureau  of  Ships  He  contracted 
"radio  detection  and  ranging"  into  "radar. 

N  RL  was  one  of  a  handful  of  pi  aces  around  the  worl  d  that  si  mul  - 
taneousi  y  and  secretl  y  had  been  I  earn!  ng  to  take  radi  o  waves  beyond 
their  conventional  role  as  carriers  of  communication  into  such  new 
arenas  as  detecting  navigational  obstacles  or  attacking  aircraft.  The 
spectacul  ar  results  at  N  RL  woul  d  hel  p  earn  the  Laboratory  the  ri  ght  to 
become  a  place  where  engineering  research  focused  on  harnessing 
known  principles  in  the  quest  for  better  military  technology  would 
form  a  unique;  creative  synergy  with  basic  research  aimed  at  scientific 
discovery. 

The  radar  proj  ect  became  a  top  pri  ori  ty  at  the  Laboratory  i  n  1934.^2 
This  was  not  so  much  because  anybody  really  knew  what  was  the 
technological  potential  of  radio-based  detection  of  ships  and  planes 
But  a  technol  ogy  that  enabi  esyou  to  detect  thi  ngsthat  you  otherwise 
coul  d  not  see  i  s  i  mpressi  ve  the  ki  nd  of  thi  ng  that  coul  d  i  mpress  peopi  e 
who  control  money.  Members  of  the  Naval  Appropriations  Subcom¬ 
mittee  were  slated  to  visit  the  Laboratory.  Theabilityto  demonstrate 
a  new  detection  tool  I  ike  radar,  which  then  was  still  known  as  radio 
detection,  could  only  help  the  Laboratory's  cause 

At  this  point,  the  radio  detection  group  in  the  Radio  Division  was 
basing  its  work  on  Hyland's  original  observation  in  1930  of  radio 
reflections  by  an  airplane  Radio  si  gnalsreflectingfrom  an  objectlike 
an  airplane  interfere  with  astrongersetof  signalsarrivingatthesame 
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receiver  more  directly  from  the  transmitter.  Someone  monitoring  a 
distant  receiver  could  detect  an  object  reflecting  radio  waves  by  the 
presence  of  characteri  sti  c  vari  ati  ons,  or  beats,  i  n  the  i  ncomi  ng  si  gnal . 
Th  at  i  s  wh  at  H  yl  an  d  saw  whentheneedleofhis  recei  verbobbedback 
and  forth.  If  there  is  no  object  present  that  can  reflect  the  si  gnal,  there 
wi  1 1  be  no  i  nterference  pattern  to  make  the  recei  ver  si  gnal  bob  back 
and  forth.  One  key  technical  detail  of  thistypeof  radio  detection  is 
that  a  high  frequency  transmitter  must  emit  radio  waves  continuously 
I  i  kea  si  nger  who  hoi  ds  a  note  forever  without  stoppi  ng  to  take  breaths 

The  demonstration  with  the  continuous  waves  apparently  con¬ 
tributed  to  a  good  time  for  the  visiting  subcommittee  members  That 
definitely  contributed  to  thei r  approval  of  an  extra  $100,000  in  the 
Laboratory's  di  rect  appropriations  But  there  were  worrisome  techni¬ 
cal  drawbacks  in  the  continuous  wave  approach.  One  of  the  major 
problems  was  that  in  order  to  getdiscerniblesignals,  thetransmitter 
and  receiver  had  to  be  farther  away  from  one  another  than  a  ship  is 
long.  Said  differently,  the  system  couldn't  fit  on  a  ship. 

In  an  intuitiveleap.  Young  came  up  with  a  dramatically  different 
approach  that  he  thought  just  might  work.  The  path  from  his  con¬ 
ception  to  the  Navy's  first  working  model  of  a  radar  set  illustrates 
what  can  happen  when  acriti  cal  massof  diverse  expertise  and  equip¬ 
ment  i s  assembi ed  i  n  cl ose  proxi  mity,  as  it  was  at  N  RL. 

Young  was  familiar  with  using  radio  pulses  as  a  probe  because 
that  is  how  Merle  and  Tuve  of  the  Carnegie  Institute  did  their  mea¬ 
surement  of  the  i onosphere  i  n  the  1920s  usi  ng  the  crystal -stabi  I  i zed 
transmitter  he  and  Louis  Gebhard  had  built.  But  si  ncethe  ionosphere 
was  so  much  larger  than  objects  like  airplanes,  and  si  nee  the  wave¬ 
lengths  necessary  for  getting  echoes  from  planeswereso  much  shorter 
for  probi  ngthei  onosphere  Young  reasoned  i  n  1930  that  pulses woul  d 
not  work  for  detecting  planes  He  opted  instead  to  pursue  the  con- 
ti  nuous  wave  approach. 

Young  changed  his  mi  nd  three  years  later.  For  onethi  ng,  the  con¬ 
tinuous  wave  work  simply  was  notlendingitselfto  shipboard  equip- 
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merit.  Another  reason  for  theshift  derived  from  his  work  on  a  purely 
technical  bug  that  plagued  shipboard  radio  operators  using  high-fre¬ 
quency  transmitters  A  radi  o  operator  sendi  ng  code  signals  i  nadvert- 
ently  generated  troublesome  bits  of  radio  noise  on  a  wide  range  of 
frequencies  These  so-called  "key  clicks"  hampered  any  shipboard  re¬ 
ception  that  might  be  going  on  simultaneously  at  a  nearby  receiver. 
To  a  N  avy  i  n  warti  me  the  key  cl  i  ck  probi  em  coul  d  bedi  sastrous  When 
Younganalyzedtheseclicks  he  realized  they  had  aboutthesame  power 
as  the  continuous  waves  that  already  had  proven  successful  for  de¬ 
tecting  airplanes  So  pulses,  theright  kind  of  pulses,  could  work. 

M  eanwhi  I  e,  another  part  of  Young's  concept!  on  for  a  new  approach 
to  radar  had  been  a  mainstayof  work  in  the  Sound  Division.  There 
Harvey  Hayes  and  his  associates  already  had  developed  a  technique 
in  which  an  echo  from  an  underwater  pulse  of  high-frequency  sound 
would  show  up  as  a  blip  on  a  circle  sweeping  out  on  an  oscilloscope 
In  a  way,  sonar  is  an  underwater,  sound-based  precursor  of  radar! 
Si  ncetheci  rcl  eswept  around  with  cl  ocki  i  keprecisi  on,  and  si  nee  sound 
travel  s  i  n  medi  a  I  i  ke  water  at  known  speeds,  the  posi  ti  on  of  the  bl  i  p 
al  ong  the  ci  rcl  e  was  suffi  ci  ent  for  determi  ni  ng  the  distance  of  the  ob- 
jectfrom  which  the  sound  pulse  bounced.  It  was  cl  ear  to  Young  and 
the  rest  of  the  radar  group  that  the  same  concept  woul  d  appi  y  to  re¬ 
flecting  radio  signals 

With  the  problem  pretty  well-defined,  it  fell  onto  the  shoulders 
of  Robert  Page  who  had  been  drawn  into  the  radar  group  to  help 
with  the  1934  demonstrati  on,  to  engineer  Young's  ideasinto  reality. 

Page  son  of  a  sometime  lay  minister,  had  joined  NRL  in  1927, 
j  ust  two  weeks  after  recei  vi  ng  a  bachel  ors  degree  i  n  physi  cs  The  sev¬ 
enth  of  nine  children,  he  had  grown  upon  afarm  in  Minnesota  and 
got  hisfirst  experience  in  the  world  of  electricity  during  high  school 
when  heearned  moneybyhelpinghiselectridan  brother  wi  re  houses^^ 

He  originally  planned  to  become  a  minister  himself  and  enrolled 
in  the  church-supported  Hamline  University  in  St.  Paul.  Once  there; 
however,  science  became  his  mission.  His  physics  professor,  who  was 
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Robert  M  orris  Page  was  central  in 
the  invention  and  design  of  the 
Navy's  first  radar  systems  that 
were  completed  prior  to  the  US. 
entry  into  World  War  II.  In  1 948, 
he  would  become  the  Laboratory's 
first  civilian  director  of  research. 


afriend  ofTaylor's*  recognized  Page'stalent and  encouraged  himto 
pursue  a  career  i  n  sci  ence  When  Tayl  or  offered  the  young  man  a  j  ob, 
he  took  it. 

Page  arrived  at  the  Laboratory  with  no  experience  in  radio  engi¬ 
neering.  It  did  not  matter.  He  soon  developed  a  conspicuous  aptitude 
for  coming  up  with  practical  solutions  for  those  in  the  division  he 
was  assigned  to  assist.  Although  hewasdriven  by  thejoy  of  innova¬ 
tion  itself,  he  also  became  strongly  motivated  by  NRL's  policy  at  the 
ti  me  of  al  I  owi  ng  i  nventors  on  its  staff  to  own  ful  I  commerci  al  ri  ghts 
to  patents  from  thei  r  work. 

"I  becameimbued  with  the  idea  that  I  was  going  to  be  inventor, 
that  I  was  goi  ng  to  i  nvent  thi  ngs  and  that  I  was  goi  ng  to  have  patents 
onthemandthatthecommercial  rights  were  going  to  be  worth  some¬ 
thing,"  Page  recalled  thinking  during  even  his  earliest  days  at  NRL. 
Misprediction  was  a  good  one  By  the  time  he  left  NRL  in  1966,  he 
had  65  patents  to  his  name^^ 
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In  1934,  when  Pagejoined  Young  and  several  others  on  the  radar 
project,  his  mission  was  to  put  his  inventive  juices  to  work  on  the 
technical  challenges  involved  in  making  pulse  radar  a  reality.  By  the 
end  of  theyear,  hehad  pretty  much  solved  thetransmitter  sideof  the 
problem.  He  had  rigged  up  vacuum  tubes  with  circuitry  of  his  own 
design  to  generate  trai ns  of  electrical  pulses  He  designed  more  cir¬ 
cuitry  that  fed  theshorter  signals  of  this  train  into  a  transmitter  that 
he  had  drasti  cal  I  y  modifi  ed  specifi  cal  ly  for  the  short  pulses  it  woul  d 
have  to  amplify  and  then  broadcast.  By  December,  he  had  built  a 
transmitter  that  could  emit  pulses  lasting  a  mere  10  millionths  of  a 
second  (microseconds),  wait  for  the  next  90  microseconds  or  so,  and 
then  emit  another  10  microsecond  pulse  rest  again  for  90  microsec¬ 
onds  and  so  on.^^ 

It  would  take  him  almost  all  of  the  following  year  to  tacklethe 
receiver,  which  had  to  distinctlydisplayatransmitted  radio  pulse  and 
the  echo  from  an  object  despite  the  fact  that  both  of  these  fast-as 
light  signals  would  reach  the  receiver  virtuallysimultaneously.  To  do 
this  he  had  to  build  complex,  multistage  amplifiers,  which  required 
new  devel  opments  i  n  ci  rcui  t  desi  gi  that  had  onl  y  months  earl  i  er  been 
published  in  a  French  periodical.  He  had  to  prevent  any  feedback  or 
instabilities  that  would  degrade  the  receiver's  ability  to  discern  the 
hardly  separated  pulses  comi  ng  from  the  transmitter  from  those  re- 
flecting  from  objects  This  required  him  to  include  components  to 
filter  out  unwanted  frequencies  and  to  shield  other  parts  of  the  sys¬ 
tem  from  troubi  esome  el  ectri  cal  fi  el  ds  To  get  the  recei  ver  to  work,  he 
even  had  to  modify  the  latest  generation  of  vacuum  tubes  that  RCA 
had  just  introduced. 

Page  as  well  as  other  talented  engi  neers  such  as  Art  Varela,  who 
would  design  sets  to  work  at  higher  frequencies,  made  all  of  this 
progress  despite  the  absence  of  fi  nanci  al  support  earmarked  for  the 
project.  Page  and  colleagues  worked  on  the  radar  project  when  they 
weren't  worki  ng  on  other  more  convent!  onal  radi  o  probi  emsthat  were 
directly  supported  as  part  of  some  specified  problem  assigned  by  the 
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bureau.  Taylor,  who  undoubtedly  recalled  hi  sand  Young's  squelched 
radio  detect! on  discoveryin  1922,  ewen  camouflaged  someofthework 
by  making  it  look  as  though  it  were  part  of  another  funded  commu¬ 
nications  problem.  He  later  admitted  that  the  practice  probably  was 
i  1 1  egal  .2®  M  eanwhi  I  e  Page  made  sure  to  fi  I  e  patents,  some  of  whi  ch 
stand  amongst  the  earl  I  est  radar-based  patents  I  n  the  worl  d. 

In  early  1935,  as  Page  began  chipping  away  at  the  obstacles  to 
bui  I  di  ng  a  workabi  e  recei  ver,  Tayl  or  became  even  more  fervent  a  cham- 
pion  of  radio  detection.  After  Taylor  secured  nods  from  Captain 
GreenI  ee  then  the  Laboratory's  di  rector,  and  from  Admi  ral  Robi  nson, 
the  same  bureau  chief  that  Oberlin  had  fought  so  hard  against,  he 
and  HayesfromtheSound  Division  went  uptown  to  Capitol  Hill  and 
made  a  pitch  to  J  ames  Scrughum,  the  most  i  nfl  uenti  al  member  of  the 
Naval  Appropriations  Subcommittee  which  had  visited  the  Labora¬ 
tory  i  n  1934.  Tayl  or  recal  I  ed  the  events: 

"l/l/e  put  up  a  strong  plea  for  a  substantial  addition  to  the  small 
direct,  appropriation  which  the  Naval  Research  Laboratory  usu¬ 
ally  received  from  C ongress  this  increment  to  be  earmarked  for 
long  time  investigations,  particularly  in  the  field  of  microwaves 
and  su person ics  [an  early  term  relevant  to  sonar  development], 

M  r.  Scrughum  listened  in  silence,  asked  a  few  questions  but  prom¬ 
ised  us  nothing.  We  left  his  office  feeling  very  much  discouraged, 
but  on  the  following  Monday  morning,  he  telephoned  to  state 
that  the  C ommittee  had  agreed  to  give  us  an  extra  $100,000.00 
to  be  spent  on  this  work. 

At  that  time  Taylor  recalled,  this  "looked  I  ike  ten  million  dol¬ 
lars"  The  money  went  into  hi  ring  new  personnel,  purchasing  equip¬ 
ment,  aswell  asahandful  of  research  projects  Theradar  project  shifted 
into  double-time  Taylor  assigned  another  man,  Robert  Guthrie  to 
work  under  Page  and  the  two  men  then  worked  nearly  full -time  on 
the  radio  detection  equipment.  With  money  now  specifically  slated 
for  the  project,  Taylor  stepped  up  hisown  pressure  to  get  results  Per¬ 
haps  the  hottest  prod  for  Page  and  Guthrie  however,  wasnewsthatin 
the  summer  of  1935,  the  French  liner  A/ ormand/e  had  been  equipped 
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with  a  radio-based  device  for  detecting  icebergs.  Radio  was  a  world¬ 
wide  phenomenon,  a  worldwi  detechnology,  and  people  beyond  NRL 
had  noticed  intriguing  reflections  of  radio  signals  for  years.  The 
N  ormandie  report  only  confirmed  that  the  arena  of  radio  detection 
had  become  a  technology  horserace 

I  n  thespri  ng  of  1936,  after  havi  ng  worked  a  number  of  major  and 
minor  modifications  into  the  system  roughed  out  two  years  earlier. 
Page  Guthrieandtheotherengin  eers  were  read  y  to  begi  n  testi  n  g.  To 
save  the  expense  of  having  to  build  a  large  new  antenna,  they  had 
designed  and  builttheirtestequipmentso  they  could  use  a  large  "cur- 
tai  n  array"  antenna  al  ready  at  the  Laboratory.  Th  i  s  was  a  conspi  cuous 
transmitti  ng  structure  that  stretched,  web-l  i  ke  between  a  pai  r  of  200- 
foot  towers  The  receiver  was  i  n  the  penthouse  of  a  nearby  bui I di  ng 
and  attached  to  a  less  assuming  antenna  on  the  roof  with  a  "giant 
killer"cablewhose  extra  th  i  ckn  ess  en  su  red  th  at  weak  signalscoursing 
i  nto  it  woul  d  not  be  I  ost  to  resistance 

When  theyflicked  on  the  equipment  on  April  28th,  they  watched 
th  e  trace  ontheoscilloscope  race  horizontally.Thenthey  saw  f  ren  eti  c 
verti  cal  bl  i  ps  I  eapi  n  g  u  p  f  rom  th  e  traces  th  at  ren  ewed  th  emsel  ves  o  n 
the  I  eft  when  they  came  to  an  end  on  the  right.  These  blips  were  due 
to  planesafew  milesaway  that  were  reflecting  radio  signals  emitted 
from  the  curtain  array.  The  first  day,  they  could  detect  planes  that 
were  2V2  mi  I  es  away.  The  next  day,  when  they  used  more  power,  that 
distance  doubled.  As  thetests  continued,  h  ints  of  the  power  and  ver¬ 
satility  of  thistechnology  emerged.  Duringonesetoftestsinthesum- 
mer  of  1936,  a  pilot  had  gotten  lost  in  thick  weather  about  25  miles 
away.  Tayl  or  recal  Is  what  happened  next: 

'We  told  him  to  fly  five  minutes  in  an  easterly  course.  H  e  did  so 
but  we  saw  no  pip  on  thescope. . .  Wetold  him  toflyten  minutes 
in  a  westerly  direction.  Soon  the  pip  appeared,  whereupon  we 
told  him  he  was  on  the  beam.  H  e  came  home  safely.  Probably 
this  was  the  first  instance  of  a  plane  being  brought  home  by  radar 
in  thick  weather. 
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Proving  the  principle  in  laboratory  tests  is  one  thing,  but  getting 
the  Navy  to  buy  into  new  technology  is  another  thing  entirely.  The 
pace  toward  operational  radar  for  the  Fleet  quickened  yet  more  after 
June  10th  when  a  pair  of  high-level  officers  of  the  bureau's  Radio  and 
Sound  Divisions  witnessed  a  perfect  test  of  Page  and  Guthrie's  equip¬ 
ment.  They  became  immediate  champions  of  the  technology.  Two 
days  later,  their  boss.  Admiral  Bowen,  chief  of  the  Bureau  of  Engi¬ 
neering,  wrote  a  I  etter  to  N  RL.  I  n  i  t,  he  requested  the  Laboratory  gi  ve 
the  "hi  ghest  possi  bl  e  pri  ori  ty"  to  thedevel  opment  of  shi  pboard  equi  p- 
ment.29  Moreover,  Bowen  wrote 

"It  is  requested,  upon  receipt  of  this  letter,  that  the  subject  prob¬ 
lem  be  placed  in  a  secret  status  that  all  personnel  now  cognizant 
of  the  problem  be  cautioned  against  disclosing  it  to  others  and 
that  the  number  of  persons  to  be  informed  of  further  develop¬ 
ments  in  connection  therewith  be  limited  to  an  irreducible  mini¬ 
mum. 

Even  before  the  first  shipboard  tests  were  conducted.  Captain 
Cooley,  who  took  over  the  Laboratory's  directorship  in  1935  soon 
after  Bowen  took  over  the  Bureau  of  Engineering,  wasableto  use  the 
testing  equipment  to  lure  the  topmost  layer  of  the  Navy  hierarchy, 
i  ncl  udi  ng  the  Secretary  of  the  N  avy,  to  the  Laboratory.  Even  before  i  t 
had  yielded  anything  for  the  operational  Fleet,  the  radio  detection 
team  was  helping  the  Laboratory  with  its  name  recognition  problem. 
Itstill  wasupto  Page  and  hisexpandingteam  of  researchers  to  follow 
through  on  Bowen's  request  for  practical  shipboard  equipment.  For 
onething,  noship  commander  was  goi  ng  to  put  a  coupl  e  of  200-foot 
towers  on  his  vessel. 

Page  knew  that  seal  i  ng  the  antennae  down  meant  usi  ng  shorter 
wavelengths*  and  that  meant  both  redesigning  a  lot  of  circuitry  and 
somehow  getti  ng  hoi d  of  more  capabi  e  components  What's  more  if 
Taylor  had  it  his  way,  the  next  design  prototype  also  would  feature 
something  that  Page  initially  considered  to  be  impossible:  a  single 
antennathat  would  both  transmitand  receive  With  this  Taylor  wished 
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to  minimize  thesizeand  complexity  of  any  proposed  addition  to  an 
shi  p's  al  ready-encumbered  structure 

Page's  initial  thought  was  that  Taylor's  idea  was  utterly  impos- 
sibleto  realize  But  when  hegot  beyond  hisown  skepticism  and  sum¬ 
moned  his  innovative  talents,  he  came  up  with  an  electronic  switch 
that  would  make  a  one-antenna  system  possible  Called  a  duplexer, 
the  mechanism  protected  the  delicate  receiver  circuitry  and  compo- 
nentsfromthestrong  transmitter  pulses  on  their  way  to  the  antennae 
and  then  shunted  the  weak  radio  echoes  picked  up  by  the  same  an¬ 
tennae  back  to  the  recei  ver. 

With  theduplexer  in  hand,  Taylor  was  anxious  to  get  the  equip¬ 
ment  in  thefi  eld  for  tests  By  April  1937,  the  radar  team  had  installed 
the  I  atest  versi  on  of  thei  r  200  MHz  radar  detect!  on  equi  pment  aboard 
the  destroyer  USS Leary,  which  had  been  docked  at  the  nearby  Wash¬ 
ington  NavyYard.Thesetestssuccessfullydetected  planes  at  distances 
of  up  to  17  miles  Although  it  showed  that  radio  detection  of  unseen 
ai  rpl  anes  was  possi  bl  efrom  a  shi  p,  the  result  was  di  sappoi  nti  ng  si  nee 
tests  at  the  Laboratory  by  then  had  detected  aircraft  up  to  40  miles 
away.  Page  knew  whattheyneeded:  morepowerfeedingintothetrans 
mitter. 

By  the  end  of  the  year,  pressure  was  comi  ng  i  n  for  the  Laboratory 
to  compi  ete  i  ts  work  for  the  200  M  H  z  radar  equi  pment.  Commander 
WilberJ.  Ruble  head  of  the  bureau's  Radio  Division,  was  even  asking 
the  Laboratory  to  set  down  production  specifications  so  that  manu¬ 
facturers  could  begin  supplying  the  Fleet  with  the  new  tool.  By  the 
end  of  theyear,  after  more  design  and  engineering  iterations  thefi  rst 
production  prototype  of  a  200  MHz  radio  detection  system  was  in 
hand.  At  17-ft  square  the  antenna  was  still  so  bigand  cumbersome 
that  only  thelarger  ships  of  theFleet  could  accommodateit,  and  then 
only  if  their  commanders  were  willing  to  take  it  on. 

The  guinea  pig  ship  turned  out  to  betheUSSA/ei/i/  York.  This  was 
the  flagship  of  Admiral  A.W.  Johnson,  commander  of  the  Atlantic 
FI  eet  who  al  ready  had  seen  N  RL's  radar.  I  n  keepi  ng  with  Bowen's  se 
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crecy  order,  the  sai  I  ors  of  the  A/  m  York  were  kept  i  n  the  dark  about  the 
strange  new  equipment  and  oversized  antennae;  which  they  mocked 
as  the  "flyi  ng  mattress."^  The  N  RL  radar  devel  opers  i  nstal  I  ed  thi  s  pro¬ 
totype  radar  set,  called  the  XAF,  early  in  1939  so  that  it  would  be 
ready  to  sai  I  to  theCari  bbean  for  exercisessi  ated  to  take  pi  ace  through 
March. 


The  "flying  mattress,"  visible  two-thirds  of  the  way  up  the  tower  of  the  U55 
N  ew  Yo  r  k,  was  the  antenna  for  the  X AF,  the  first  production  model  of  NRL's 
200  MHz  radar. 
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Unknown  to  Page  and  his  associates*  their  equipment  was  actu- 
aiiyaboutto  go  head-to-head  against  another  radio  detection  proto¬ 
type  the  CXZ,  bui  it  by  RCA's  Production  Department  under  a  secret 
request  by  the  Bureau  of  Engineering  in  1937.  Five  years  eariier,  re 
searchers  at  the  company  had  begun  iooking  into  a  new  generation 
of  radio  communication  using  microwaves,  which  are  shorter  and  of 
yet  higher  frequency  than  NRL  had  been  using.  By  1937,  the  RCA 
teamhadreaiizedthei  esso  n  s  th  ey  were  i  earn  i  n  g  f  ro  m  th  i  s  wo  rk  co  u  i  d 
servefor  non-communi  cati  ons  appi  i  cati  ons  i  i  ke  detecti  ng  navi  gati  onai 
obstacies  as  the  French  had  done  They  even  had  happened  onto  the 
same  puise  method  thatYoung  came  up  with,  in  1937,  duringwhich 
the  Bureau  of  Engineering  had  disci osed  the  NRL  resuits  in  keeping 
with  the  practice  of  rei yin g  on  outside  contracts  for  production,  an 
experi  mentai  radar  based  on  microwave  puises  was  on  the  company 
roof  in  Camden,  New  Jersey.  And  it  was  detecting  echoes  from 
Phi  i  adei  phi  a's  skyscrapers  a  few  mi  i  es  away  over  the  Dei  aware  Ri  ver. 
For  the  at-sea  expedition  and  competition  with  the  NRL  engineers, 
the  RCA  engi  neers  had  i  nstai  i  ed  a  400  M  FI  z  radi  o  detecti  on  set  aboard 
theUSSIecas. 

As  it  turned  out  during  the  expedition,  theXAF  outperformed  the 
CXZ  in  every  respect.  TheXAF  could  detect  ships  at  10  miles*  at  least 
2.5  miles  farther  than  the  CXZ.  The  XAF  detected  planes  up  to  48 
miles  away;  the  CXZ  would  go  blind  to  planes  farther  than  5  miles 
out.  TheXAF  could  detect  buoys,  theflight  of  14-inch  shellsaswell  as 
thei  r  spl  ashes  8  mi  I  es  away.  Page  even  recal  I  s  watchi  ng  the  system  he 
helped  shepherd  into  existence  as  it  detected  large  birds  Moreover, 
theXAF  worked  nearly  continuously  under  all  weather  conditions 
and  was  not  bothered  by  the  shock  of  gunfire  The  CXZ,  on  the  other 
hand,  couldn't  take  the  heavy  gunfire  nor  did  it  stand  up  well  to  the 
moi  sture  of  the  ocean i  c  envi  ronment. 

Thefeat  that  clinched  a  pi  ace  for  radio  detection  intheU.S.  Navy 
occurred  in  the  dark  on  January  16.  A  number  of  vessels  that  had 
been  sent  over  the  horizon  had  orders  to  turn  around  at  a  designated 


90  ♦  Pushing  the  H  orizon 


ti  me  unknown  to  Page  and  to  come  toward  the  USS  New  York.  The 
Admiral  of  the  Fleet,  A.  W.Johnson,  asked  Pagetoseeif  hecould  use 
theXAF  to  detect  theshi  psduri  ngtheir  return.  The  Admiral  then  went 
to  the  movi  es  Page  recal  I  s  what  happened  after  that: 

'W h&i  the  movies  were  over,  he  came  up.  H  e  started  watching 
the  scope—  he  watched  it  and  watched  it—  and  he  knew  it  was 
time  for  the  attack,  and  he  didn't  see  anything.  Finaiiy,  he  gave 
up  and  said  he  had  gotten  tired  of  watching  thescope  Heturned 
to  ieave.  [When]  he  got  to  the  doorway,  he  stopped  for  some 
reason  and  turned  around  and  came  back  to  iook  once  more  be¬ 
fore  he  went  down.  W ithin  a  coupie  of  rotations  of  the  antenna, 
as  we  swept  past,  he  saw  the  destroyer.  He  saw  it,  and  iike  a  kid 
he  jumped,  'There  she  is! 

Pagerecallsthatthedestroyer  was  nearly  6  miles  away  when  the 
Admi  ral  saw  its  echo  on  the  scope  After  the  N  RL  team  gave  him  the 
destroyer's  bearing,  the  Admi  ral  ordered  the  New  Vork's  searchlights 
to  detrained  on  that  bearing.  "We  didn't  see  a  thing,"  Page  recalled. 
"It  was  slightly  hazy  and  we  got  the  reflection  off  the  haze  and  the 
lights  and  couldn't  see  very  far.  [But]  the  next  day,  the  officers  from 
the  destroyer  [and]  the  destroyer  ski  pper  came  aboard.  [The  ski  pper] 
wasjustalittlebitshaken.  Flesaid  'what'dyou  have  on  that  ship  last 
night?  When  you  turned  on  your  searchlights,  you  illuminated  my 
lead  destroyer. 

In  subsequent  nighttime  tests,  even  when  approaching  destroyers 
had  been  forewarned  of  the  new  detection  tool,  they  still  could  not 
avoi  d  detect!  on .  "That  real  I  y  i  mpressed  the  offi  cer,"  Page  recal  I  s  "From 
then  on  they  were  sold  on  the  stuff  and  they  would  give  us  anything 
wewanted."^'^ 

The  official  response  to  this  demonstration  could  not  have  been 
more  gratify!  ng  to  the  N  RL  team.  The  Captai  n  of  the  N  ew  York  offi¬ 
cially  recommended  i  mmedi  ate  i  nstal  I  at!  on  on  those  vessel  sthat  coul  d 
accommodate  it.  More  glowing,  however,  was  the  assessment  from 
Admiral  Johnson,  Commander  of  the  Atlantic  Squadron.  In  his  re¬ 
port  to  the  Bureau  of  Engl  neeri  ng  I  n  Apr!  1 , 1939,  he  wrote "...  the 
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This  summer  of  1 940  picture  shows  Building  12  with  its  rooftop  contingent 
of  experimental  and  production  model  radar  antennae. 


equi  pment  i  s  one  of  the  most  i  mportant  mi  I  i  tary  devel  opments  si  nee 
the  advent  of  radio  itself.  Its  value  as  a  defensive  instrument  of  war 
and  as  an  instrumentfor  avoidance  of  collisions  at  sea  justifies  the 
Navy's  unlimited  development  of  the  equi  pment . . . 

In  May  of  1940,  RCA,  which  had  outbid  Western  Electric  Com¬ 
pany  for  the  contract  to  producethe  Navy's  first  shipboard  radar  sets, 
began  delivering  the  first  of  six  units*  that  had  been  specified  to  be 
exact  copies  of  the  XAF.  The  next  14  units,  which  were  slightly  modi¬ 
fied  and  designated  as  CXAM-1,  came  a  little  later.  But  by  the  time  of 
thejapanese  surprise  attack  on  Pearl  Harbor  on  December?,  1941, 
most  of  these  units  were  i  nstal  I  ed  and  operati  onal  aboard  20  of  the 
U.S.  Navy's  heavy  cruisers,  carriers,  battleships,  and  seaplane  tenders 
I  n  offi  ci  al  reports  at  the  end  of  WWI I ,  thi s  type  of  radar  woul  d  get 
credit  for  contri  buti  ng  to  maj  or  N  aval  vi  ctori  es  i  n  batti  es  at  the  Coral 
Sea,  M  i  dway,  and  Guadal  canal  Most  subsequent  histori  cal  accounts 
of  the  devel  opment  of  radar  i  n  the  U  .S.  duri  ng  Worl  d  War  1 1  woul  d 
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hi  ghi  i  ght  the  Radi  ati  on  Laboratory,  or  Rad  Lab,  whi  ch  the  U  .S.  estab¬ 
lished  during  World  War  1 1  as  a  national  centerfor  radar  development 
attheMassachusettsInstituteofTechnology.  Asa  resultof  thisslant, 
NRL's  earlier  pioneering  work  in  Naval  radar  has  appeared  dimin¬ 
ished. 

Nonetheless,  with  radar,  NRL  had  given  the  Navy  something  en- 
ti  rely  new— the abi  I  ity  to  seetheenemy  i  n  thedark  and  throu^  cl  ouds 
and  i  n  many  other  ways  not  yet  discovered.  That  group  of  radi  o  men 
at  NRL  who  first  developed  radar  for  the  Navy  in  the  United  States 
had  counterparts  in  the  Uni  ted  States,  England,  Japan,  Germany,  and 
el  sewhere  where  researchers  were  expl  oiti  ng  the  same  physi  cal  pri  n- 
ci  pies  and  natural  laws  to  develop  a  smorgasbord  of  first-generation 
radar  equi  pment.  There  may  even  have  been  a  greater  sense  of  ur- 
gencyin  Europe  whereHitler  and  hisNazi  partywere  rallying  in  ever- 
increasing  belligerence  A  mere  half-year  after  Page  and  Guthrie  re¬ 
turned  from  the  Caribbean  in  1939  with  the  pleasant  knowledge  that 
their  dogged  radio  detection  work  was  on  its  way  to  becoming  what 
historian  David  Allison  has  cal  led  a  "new  eye  for  the  Navy,"  the  Nazis 
marched  into  Poland.  The  second  Great  War  in  Europe  had  begun 
and  radar  would  be  in  it  for  the  duration,  and  way  beyond.  NRL's 
radi  o  men  and  thei  r  col  I  eagues  had  no  i  dea  how  much  thei  r  I  i  ves  and 
the  Laboratory  were  about  to  change 
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An  Adolescent  N  RL  at 
the  C  rossroads  of  H  istory 


For  N  RL,  the  prewar  years  were  lean.  They  were  also  promisi  ng. 
Even  though  the  Bureau  of  Engineering  steered  research  at  NRL  to¬ 
ward  short-ternn  problenn-solving  and  engineering  just  as  Captain 
Oberlin  had  feared,  the  bureau  also  had  proven  to  be  a  responsible 
and  stabi  e  guardi  an  for  the  Laboratory.  The  Laboratory's  budget  had 
risen  from  about  a  half-mi  1 1  ion  dollars  in  1935  to  well  over  $800,000 
by  1939  when  administrative  control  of  NRL  again  shifted,  thistime 
from  the  Bureau  of  Engineering  to  the  office  of  the  Secretary  of  the 
Navy. 

Over  that  same  peri  od  of  ti  me  the  si ze  of  the  Laboratory's  staff 
approached  about  300.  Thetechni  cal  diversity  of  this  laboratory  also 
expanded  to  cover  ever  more  of  thescientific  spectrum.  The  number 
ofdivisionshadgrowntoseven— Radio,  Sound,  Physical  Optics(for- 
merly  Heat  and  Light),  Mechanics,  Metallurgy,  Chemistry,  and  Inte¬ 
rior  Communications*  whose  staff  focused  on  the  problems  of  inte¬ 
gral  ng  the  growi  ng  panoply  of  on-shi  p  communi  cati  ons  equi  pment 
i  nto  the  i  nfrastructure  of  N  aval  vessel  s 

There  was  another  si  gn  that  the  very  exi stence  of  the  Laboratory 
no  longer  would  be  a  serious  question:  construction  picked  up  after 
thedearth  of  building  during  the  Depress!  on  years  You  usuallydon't 
build  a  house  unlessyou  expect  to  movein  and  live  there  for  awhile 
The fi  rst  chemi  cal  I  aboratory  went  up  by  1938  and  al  ready  had  been 
expanded  by  1941.  By  then,  the  Radio  Materiel  School,  atwhichthou- 
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sands  of  uniformed  Navy  men  learned  how  to  use  all  of  that  new 
radi  o  equi  pment  goi  ng  I  nto  the  FI  eet,  al  so  had  a  new  bui  I  di  ng  as  wel  I 
as  barracks  to  house  the  students  A  year  later,  the  Radar  Division,  a 
spin-off  from  the  Radio  Division,  also  got  a  badly  needed  new  facil¬ 
ity. 

What  remained  in  question  about  NRL,  however,  was  just  what 
kind  of  laboratory  it  was  supposed  to  be  During  the  1930s,  Captain 
0 berl  i  n's  predi cti  on  that  N  RL  woul  d  become]  ust  another  N avy  engi - 
neering  laboratory  if  it  fell  under  bureau  control  came  at  least  par¬ 
tially  true  Work  at  NRL  was  dominated  by  short-term  studies  in  re 
sponseto  problems  specified  by  the  Bureau  of  Engi  neering  and  other 
Navy  bureaus  That  I  eft  little  time  and  even  less  money,  for  scientific 
research. 

The  example  of  radar,  on  the  other  hand,  demonstrated  that  NRL 
nonetheless  had  evolved  into  a  valuable  institution  that  can  produce 
militarily  significant  surprises  NRL  had  become  a  place  where  the 
ability  to  harness  known  principles  in  the  quest  for  better  military 
technology,  which  is  otherwise  known  as  engi  neeri  ng,  would  form  a 
creative  ^ergy  with  more  fundamental  research  aimed  at  scientific 
discovery.  In  that  sense  itwason  atrack  akin  to  the  one  that  would 
make  Bel  I  Laboratory's  M  urray  Hill  research  center  i  n  N  ew  J  ersey  and 
DuPont's  Purity  Hall  in  Wilmington,  Del  aware  famous  bastions  of 
sci  ence-to-technol  ogy  i  nnovati  on. 

The  development  of  high-frequency  radar  technology  in  the  Ra¬ 
dio  Division  duri ng  the  1930s  was  and  will  always  be  a  standout  in 
theinstitutional  lifeof  NRL.  1 1  has  become  to  NRL  what  thetransistor 
became  for  Bell  Labs  and  what  nylon  became  for  E.l.  Du  Pont  de 
N  emo u rs  wh ere  th at  I  an d  mark  po I  ymer  became  a  tech  n ol  ogi  cal  n  ew- 
born  during  the  same  prewar  years  as  the  birth  of  radar.  I  n  al  I  of  these 
cases,  work  toward  improvements,  spinoffs,  and  variations  on  the 
original  themes  never  stopped. 

Even  throughout  World  War  II,  the  Radio  Division  was  the  larg¬ 
est,  best  supported,  and  oneof  thetwo  oldest  divisions  at  NRL.  NRL 
was  never  solely  a  radio  laboratory,  however.  Just  as  the  radar  project 
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had  begun  its  ascent  in  1934  to  become  the  Laboratory's  highest  pro¬ 
file  yet  most  secret  activity,  for  example;  Harvey  Hayes  and  hiscadre 
in  the  Sound  Division  were  christening  their  QB  underwater  detec¬ 
tion  system  based  on  new  Rochelle  salt  crystal  transducers  With  the 
QBsystemand  its  improvements  atrained  operator  could  determine 
the  bearings  of  a  submarine  more  than  6  miles  away  even  while  his 
own  boat  was  cruising  at  nine  knots 

As  it  turned  out,  the  N  avy  Department  di  d  not  i  niti  al  I  y  accept  the 
N  RL  underwater  detect!  on  gear  for  product!  on .  Tayl  or  I  ater  specul  ated 
that  had  these  systems  been  installed  in  the  Fleet  prior  to  1935,  "the 
battle  of  the  Atlantic  might  have  been  won  sooner  and  with  fewer 
casualties"^ 

Despite  the  N  av/s  si  ow  acceptance  of  the  equi  pment,  the  Sound 
Division  continued  improving  on  theQB  ^em  during  the  rise  of 
Fasci  sm  I  n  Europe  i  n  the  mi  d-  and  I  ate  1930s  0  ne  i  mprovement  was 
the  "Uni -Control  System,"  which  helped  operators  keep  amplifiers  in 
the  transmitters  and  receivers  tuned  to  a  common  ultrasound  fre¬ 
quency.  "This  all  owed  the  use  of  a  narrow  sound  beam  for  directing 
an  attack  and  a  wider  low-frequency  beam  for  underwater  search," 
wrote  Tayl  or.2 

Another  improvement  completed  by  the  end  of  1940  was  the 
"domeshi  el  d,"  a  thi  n,  smoothly  contoured  housi  ng  of  rei  nforced  steel 
on  theundersideoftheship'sbow.  This  housing  protected  thetrans- 
ducersand  yetallowed  the  passage  of  sound  energyso  that  both  echo¬ 
ranging  and  searching  could  take  pi  ace  even  when  theshipwasmov- 
i  ng  up  to  15  knots  Yet  a  thi rd  i mprovement  I  n  sonar  ^ems  came 
not  from  hardware  but  from  a  better  understanding  of  how  oceanic 
temperature  affects  the  transmission  of  sound.  Ever  more  detailed 
and  sophisticated  environmental  knowledgeofthissortwastheroute 
to  extracting  more  tactically  significant  information  from  the  same 
signals 

Several  other  efforts  of  theSound  Division  got  into  the  Fleet  more 
readily.  One  was  an  improved  depth  finder,  or  fathometer,  for  ship 
navigation.  Likeitssonarcousinsthesoundtransducersofthesedepth 
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finders  incorporated  the  kinds  of  sensitive  Rochelle-salt  crystalsthat 
Elias  Klein  had  helped  develop.  Nearlyevery  Navy  ship  carried  these 
devi  ces  duri  ng  Worl  d  War  1 1 ,  Tayl  or  I  ater  wrote^ 

On  another  front,  the  Sound  Division  solved  the  so-called  "sing- 
i  ng  propel  I er"  problenn.  The  heart  of  the  problenn  was  a  maddening, 
hi  gh-pitch  whi  ne  of  mysteri  ous  ori  gi  ns  that  made  I  ife  miserabi  e  and 
nights  sleepless  for  crews  under  certain  cruising  conditions  NRL's 
acousti  cs  experts  were  abl  eto  pi  n  the  probi  em  on  theshape  of  a  sh  i  ps' 
propellers  They  suggested  that  machining  the  propellers  to  have 
si  i  ghtly  different  shapes  whose  resonant  frequenci  es  were  outsi  de  of 
theaudio  range  would  end  the  sonic  torture  It  worked."^ 

By  thetimetheUnited  States  entered  World  War  II  in  December 
1941  foil  owing  the  Japanese  invasion  of  Pearl  Harbor,  NRL  had  be 
come  a  substantial  place  where  talents  and  toolscould  be  mixed  and 
matched  to  solve  real  Navy  problems  or  to  open  pathways  toward 
new  and  potentially  valuable  technologies  For  challenges  such  as 
developing  better  armor  plate  or  lightweight  and  portable  aircraft 
power  supplies  for  radio  sets,  staff  from  different  divisions  were  be¬ 
ginning  to  cross  pol  I  i  nate 

Part  of  thi  s  ^ergy  camefrom  the  Chemi  stry  Di  vi  si  on  A  present- 
day  motto  amongst  chemists  isthat  "chemistry  isthecentral  science" 
What  they  mean  i  s  that  chemi  stry  has  a  pi  ace  i  n  j  ust  about  any  sci  en- 
tific  question  you  might  ask,  whether  it  be  on  the  propagation  of 
electrochemical  impulsesdownthespinal  cord,  the  chemi  cal  ^the- 
sisof  pain  killers,  the  corrosion  of  automobile  chassis  orthecompo- 
sition  of  galactic  clouds 

The  N  RL  chemists  proved  they  coul  d  become  part  of  thesol  ution 
to  technical  headaches  in  the  Radio  Division.  As  Taylor's  radio  men 
kept  pushi  ngtoward  hi  gher  frequenci  es  they  were  runni  ng  i  nto  prob- 
I  ems  withdielectric  materi  al  s—  el  ectri  cal  I  y  i  n  su  I  ati  n  g  su  bstan  ces  used 
in  many  electronic  components  such  as  capacitors  and  component 
housi  ngsTheexistingdiel  ectri  c  materi  al  s  tended  to  al  I  ow  el  ectri  cal 
current  to  I  eak  as  the  osci  1 1  ati  ng  radi  o  waves  coursi  ng  through  them 
increased  in  frequency.  That  leakage  had  all  kinds  of  negative  reper- 
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cussionswhen  it  came  to  building  reliable  and  practical  communica¬ 
tions  and  other  radio-based  equipment.  As  members  of  the  profes¬ 
sional  chemistry  community,  the  NRL  chemists  not  only  knew  what 
they  were  doing  in  their  own  labs,  but  what  their  colleagues  were 
doing  elsewhere  When  the  Naugatuck  Chemical  Company  had  come 
up  with  a  new  type  of  plastic  material  that  the  company  itself  deemed 
too  costly  for  practical  use  NRL  chemistsgot  hold  of  someand  found 
its  dielectric  properties  to  be  superior  to  anything  the  Radio  Division 
had  in  hand.  Thisled  to  a  collaboration  with  company  chemists  that 
yielded  a  new  plastic- "Vi ctron."  This  new  material  was  not  a  long¬ 
term  answer  to  the  el  ectri  cal  I  eakage  probi  em,  however;  i  t  mel  ted  too 
readilyand  was  too  weak  for  war  service  Butitdid  serve  as  a  stopgap 
material  that  allowed  the  Radio  Division  to  continue  pushing  into 
new  territories  of  high  frequency.®  In  that  sense  this  humble  and 
readi  I  y  forgotten  epi  sode  represents  how  N  RL  si  owl  y  became  the  for- 
ward-looking  pi acethat Edison  and  Danielshad  envisioned  in  1915. 

The  Radio  Division  was  only  one  place  NRL  chemists  were  help- 
i  ng  out.  I  n  the  prewar  years  of  the  1930s,  the  N  avy  was  di scoveri  ng 
how  central  chemistry  was  to  its  own  operation.  From  the  corrosion 
of  metal  by  salt  water  to  the  combustion  of  fuel  and  from  the  trans¬ 
formation  of  molten  metal  into  reliable  ship  parts  to  the  protection 
of  troops  agai  nst  chemi  cal  warfare  agents,  chemi  stry  was  there 

Between  1 935  an  d  th  e  begi  n  n  i  n  g  of  th  e  war,  th  e  staff  of  th  e  C  h  em- 
i  stry  D  i  vi  si  on  had  expanded  from  10  to  25.  Two  of  the  D  i  vi  si  on's  fi  ve 
sections  (later  called  branches,  which  even  later  subsumed  sections 
of  their  own),  the  Electrochemistry  Section  and  the  Physical  and  Or¬ 
gan!  c  Sect!  on,  conti  nued  work  on  someof  thedi  visi  on's  ori  gi  nal  prob- 
lems  in  torpedo  propulsion  and  submarine  storage  batteries  More 
and  more  however,  new  problems  were  maki  ng  it  onto  the  agenda. 

Consider  the  Corrosion  Section,  which  formed  in  1938  when  the 
ChemistryDivision  had  reach  ed  the  10  year  mark.  Inhibit!  ng  rust,  the 
ageold  naval  bugaboo,  was  high  on  the  section's  to-do  list,  but  its 
purview  was  far  bigger.  Thesecti  on  embarked  on  thestill  activequest 
of  develop!  ng  better  anti-foul  ingpai  ntthatcoulddissuadeorganisms 
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I  ike  barnacles  from  mooring  themselves  on  ships'  hulls,  aircraft  pon¬ 
toons,  and  other  surfaces.  Unwanted  colonization  of  such  organisms 
mar  hydrodynami  c  contours,  thereby  si  owi  ngshi  psdown.  SI  ower  shi  ps 
eat  more  fuel  and  are  sunk  more  readily.  It  is  conceivable  that  bar¬ 
nacles  could  lose  a  battle  for  you.  Anti-fouling  paint  was,  therefore 
not  a  mere  conveni  ence  for  the  N  avy. 

Another  probi  em  the  sci  enti  sts  i  n  the  Corrosi  on  Sect!  on  al  so  ad¬ 
dressed  wasthatof  corrodingfuel  tanks  Theirsolution  was  to  search 
for  non-corrosive  additives  to  fuel  and  lubricating  oil.  The  section 
also  developed  a  de-icing  fluid,  water-repellent  coatings  for  aircraft 
windshields,  and  defogging  agents  for  optical  surfaces  that  the  Army 
and  Navy  both  put  to  use 

The  Chemi  stry  D  i  vi  si  on's  most  omi  noussoundi  ng  secti  on,  whose 
wartime  activities  would  entangle  NRL  a  half-century  later  in  emo¬ 
tion  al  I  i  ti  gati  on  th  at  went  to  th  e  very  h  eart  of  th  e  mo  ral  i  ty  of  research 
during  times  of  national  emergency,  was  the  Chemical  Protection 
Section  (see  next  chapter).  Priorto  NRL'sforayin  1940  into  the  arena 
of  chemical  warfare  which  had  so  traumatized  theworld  psychedur- 
i  ng  Worl  d  War  I ,  the  Army's  Chemi  cal  Warfare  Servi  ce  had  a  veri  tabi  e 
monopoly  on  research  in  offensive  and  defensive  chemical  warfare 
In  1940,  however,  NRL  got  into  thisbusiness  because  there  was  great 
concern  that  chemical  warfare  agents  would  become  part  of  the  car¬ 
nage  of  Worl  d  War  1 1 .  The  Laboratory  recei  ved  some  i  ni  ti  al  mentori  ng 
from  researchers  at  the  Army's  Edgewood  Arsenal ,  about  an  hour's 
drive  north  in  Maryland.  During  the  war,  the  Chemical  Protection 
Section  would  grow  more  than  anyother  in  the  Chemi  stry  Division. 
Itwould  includetheconstruction  oftheshort-lived  Building44,  com¬ 
plete  with  a  gas  chamber  that  could  accommodate  human  test  sub¬ 
jects,  on  the  grounds  of  the  Blue  Plains  sewage  plant  next  door  to 
NRL. 

WhiletheChemistry  Division  wasdiversifyingand  expandinginto 
new  buildings,  the  Heat  and  Light  Division  was  making  do  with  a 
small  staff  headed  by  Edward  0.  Hulburt.  Until  1941,  the  division 
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remained  minuscule;  averaging  about  seven  men.Thedivision  main- 
tai  ned  its  general  studi  es  i  nto  ways  the  atmosphere  and  the  sea  affect 
the  passage  of  visible;  infrared,  and  other  ranges  of  light.  Developing 
such  items  as  better  smokescreensor  search  li^ts  depended  on  knowl- 
edge  of  this  general  sort.Thedivision,  whosenamelaterwaschanged 
to  the  Physical  Optics  Division,  also  developed  anti -reflect! vecoat- 
i  ngs  to  reduce  gl  are;  thereby  i  ncreasi  ng  the  effi  ci  ency  of  opti  cal  de¬ 
vices  such  as  submarineperi  scopes  Another  problem  on  thedivi  si  on's 
agenda  wasthe  Fleet's  protocol  during  blackouts  to  remain  concealed 
from  the  enemy.  The  entire  on-board  lighting  system  for  blackout 
situations  was  changed  from  blue  light  to  red  light  after  Hul hurt's 
team  discovered  that  blue  light  was  far  more  noticeable  to  enemy 
ai  rcraft  than  any  other  vi  si  bl  e  col  or  of  I  i  ght. 

I  n  these  years,  camoufi  age  remai  ned  I  argel  y  i  n  the  real  m  of  opti  cs 
and  that  meant  Hul  hurt  would  be  involved.  He  hired  his  next  door 
neighbor,  Washington,  DC,  artistCharlesBittinger,to  help  out  in  this 
regard.  With  Bittinger's  assistance;  thedivision  determined  the  opti¬ 
mum  colors  and  patternsforall  kindsof  Naval  vessels  Hulburtcom- 
pi  I  ed  these  results  i  n  the  "H  andbook  of  Camoufi  age;"  whi  ch  became 
the  N  av/s  bi  bl  e  of  camoufi  age  duri  ng  the  war.^ 

As  ai  rcraft  became  more  mi  I  itari  I  y  i  mportant,  so  too  di  d  ai  rcraft 
camoufi  age  The  cl  oser  a  pi  ane  coul  d  get  to  its  target  without  bei  ng 
noticed,  the  more  likely  it  was  that  the  plane  could  hurt  the  enemy 
and  get  away  unscathed.  This  was  a  time  when  radar,  which  would 
not  betricked  by  painted  camouflage  had  yet  to  make  its  operational 
debut.  I  n  the  mi  d- 1930s,  the  N  avy's  Bureau  of  Aeronaut!  cs  was  i  nter- 
ested  in  using  camoufi  age  to  decreasethe  distance  at  which  a  plane 
mi  ght  approach  enemy  I  ocati  ons  before fi  rst  bei  ng  noti  ced.  They  asked 
Hulburtto  look  into  thequestion:  could  artificial  lights  mounted  on 
an  airplane  cloak  the  aircraft  by  making  its  surface  as  bright  as  the 
surround!  ng  dayti  me  sky? 

The  result  of  this  inquiry  showed  how  a  laboratory  with  acritical 
mass  of  experti  se  can  hel  p  steer  mi  I  i  tary  deci  si  on  makers  away  from 


100  ♦  Pushing  the  H orizon 


dead  ends  The  answer  H  ul  hurt's  team  came  up  fol  I  owi  ng  test  fl  i  ghts 
with  planes  from  the  Anacostia  Naval  Air  Station  was  "no."  For  one 
thing,  so  much  light  was  required  to  sufficientlyilluminatetheenti  re 
undersi  de  of  the  pi  anethat  the  wei  ght  of  the  batteri  es  to  run  the  I  i  ghts 
would  be  impractical.  Worse  Hul  hurt  realized,  to  maintain  conceal¬ 
ment,  the  pattern  of  light  and  color  would  have  to  be  readjusted  for 
every  turn ,  bank  or  other  maneuver  a  pi  I  ot  mi  ght  make  The  i  dea  was 
just  too  complicated  and  impractical.  In  dropping  the  illumination- 
based  camouflage  idea,  the  Bureau  of  Aeronautics  heeded  Hul  hurt's 
conclusion  that  a  quest  for  "electric  camouflage"  carried  with  it  "al¬ 
most  i  nsurmountabi  e  diffi  cul  ti  es"® 

LiketheChemistryDivision,  which  was  created  atthesametime 
in  1928,  the  Physical  Metallurgy  Division  i  n  creased  from  a  staff  of  U 
in  1935  to  40  in  1941.  Steel,  the  stuff  of  hul  Is  and  a  thousand  lesser 
necessities  of  the  Fleet,  was  its  primary  concern.  And  the  improve¬ 
ment  of  steel  casting  remained  its  core  activity.  Taylor  captured  the 
comprehensiveness  of  this  i  nvol  vement: 

"By  trials  and  nondestructive  examination  [ like  gamma-ray  ra¬ 
diography  pioneered  by  Robert  M  ehl,  the  D  i  vision 's  first  superin¬ 
tendent],  the  methods  used  in  all  of  the  stages  in  the  molding, 
casting,  and  testing  of  steel  were  improved.  The  best  degree  of 
fluidity  for  pouring,  the  cooling-solidification  rate  which  would 
result  in  the  least  number  of  flaws,  the  best  molding  sand  to  use, 
and  the  additives  which  would  produce  the  highest  quality  of 
steel  for  armor,  ship  frames,  and  fittings  were  determined. 

In  addition  to  its  core  strength  in  developing  better  steel  casting 
methods  and  means  for  analyzing  solid  metal  pieces  for  flaws,  the 
division  also  began  to  study  the  materials  and  methods  of  welding. 
This  became  an  important  topic  in  the  late  1930s,  when  the  Navy 
decided  to  do  away  with  the  traditional  method  of  building  ships  by 
riveting  steel  plates  together.  Electric  welding  became  the  joining 
method  of  choi  ce  But  with  that  shift  i  n  manufacturi  ng  practi  ce  came 
a  I  ot  of  sci  entifi  c  i  gnorance  about  the  metal  I  urgi  cal  detai  I  s  of  wel  di  ng 
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processes  If  Naval  defense  was  going  to  depend  on  welded  hulisfronn 
now  on,  the  Physical  Metallurgy  Division  was  going  to  do  what  it 
coul  d  to  demystify  what  makes  those  al  I  -i  mportant  metal  seams  stay 
good  or  go  bad. 

Byl941,  theMechanicsDivision  had  been  renamed  the  Mechan¬ 
ics  and  Electricity  Division.  Its  staff  of  13  was  spread  thinly  over  six 
widely  ranging  sections,  all  underthesupervision  of  RossGunn,  whose 
second  role  as  Technical  Aide  to  the  Laboratory's  commander  would 
hel  p  hi  mbecomea  pioneer  in  nucleartechnology.  Oneofthedivision's 
sections  Thermodynamics,  had  originally  been  established  for  the 
torpedo  propulsion  problem  and  then  operated  for  several  years  un¬ 
der  the  banner  of  the  Physical  Metallurgy  Division.  Thiskind  of  pin¬ 
ball  migration  of  research  units  between  organizational  units  of  the 
Laboratory  became  commonpl  ace  and  remai  ns  so  to  this  day. 

Other  sections  under  Gunn's  wing  included  Ballistics,  Electricity 
and  Magnetism,  Mechanics  Engineering  Development  and  Instru¬ 
ments,  and  Physical  Testing.  The  researchers  in  these  sections  pur¬ 
sued  a  dizzying  variety  of  projects  As  the  Ballistics  Section  noisily 
I  ooked  i  nto  the  penetrati  ng  power  of  pro]  ecti  I  es  and  the  resi  stance  of 
armor,  the  Thermodynamics  Section  was  developing  a  radical  new 
way  of  convert! ng  fuel  directly  into  electricity.  Meanwhile  others  in 
thedivision  were  devising  instruments  to  instantaneously  determine 
horsepower  from  measurements  on  a  ship's  propeller  shaft  as  their 
col  I  eagues  were  I  ooki  ng  i  nto  el  ectri  cal  I  y  and  magieti  cal  I  y  based  meth¬ 
ods  of  ship  and  submarine  detect!  on 

Whatever  the  division's  staff  accomplished  during  the  prewar 
years,  however,  would  be  overshadowed  in  hindsight  by  atop  secret 
program  that  presaged  critical  components  of  the  not-yet-imagined 
Manhattan  Project  to  create  nuclear  weapons  In  1939,  within  weeks 
of  th e  worl  d 's  f I  rst  an  n ou n  cement  by  G erman  sci  enti  sts  th  at  th  ey  h ad 
splitatoms  Gunn  initiated  a  secret  project  in  the  Mechanics  and  Elec¬ 
tric!  ty  D  i  vi  si  on .  The  a!  m  waste  devi  se  a  means  of  separati  ng  the  more 
fissile  (capable  of  splitting)  uranium  isotope  from  the  less  fis 


102  ♦  Pushing  the  H  orizon 


sileisotope  Bythisact,  Gunn  helped  earn  NRL  the  distinction 
of  becoming  the  first  government  agency  to  do  research  on  atomic 
energy.  The  project  would  began  as  a  preliminary  investigation  into 
the  possibility  of  using  energy  liberated  from  splitting  uranium  at¬ 
oms  as  a  means  of  generating  heat  to  driveturbinesfor Naval  propul¬ 
sion.  I  n  that  regard,  it  was  a  parochial  effort  for  the  Navy  itself.  Butit 
woul  d  end  up  i  nvol  vi  ng  a  future  I  umi  nary  i  n  thefi  el  d  of  nuci  ear  phys- 
ics,  killingtwo  peoplein  an  unfortunate  accident  at  the  Philadelphia 
Navy  Yard,  and  then  becoming  an  important  component  of  the  Man¬ 
hattan  Project  and  the  development  of  the  first  atomic  weapons 
G  u n  n 's  proj  ect  wo u I  d  beco  me  on  e  of  N  RL's  most  wo rl  d-ch an gi  n g  ac¬ 
compli  sh  men  ts  ( see  next  chapter) . 

Just  as  this  historically  consequential  project  was  getting  under¬ 
way  in  one  section  of  one  NRL  division,  the  entire  Laboratory  once 
again  was  experiencing  an  administrative  sea  change  This  time  it  was 
return!  ng  from  the  Bureau  of  Engi  neeri  ng  to  the  more  central  site  of 
the  offi ce  of  the  Secretary  of  the  N avy.  I  roni cal  ly,  the  man  who  was 
responsibleforthischangewasthenew  Secretary  of  the  Navy,  none 
other  than  Thomas  Edison's  son  Charles 

Secretary  Edison  based  this  administrative  shift  on  what  he  had 
percei  ved  as  the  now-proven  predi  cti  ons  by  Captai  n  O  berl  i  n  that  N  RL, 
i  f  pi  aced  under  the  Bureau  of  Engi  neeri  ng,  woul  d  become  pri  mari  I  y  a 
testi  ng  and  engi  neeri  ng  I  aboratory.  Thi  s  was  not  so  much  a  criti  ci  sm 
of  the  bureau  as  a  natural  consequence  of  the  mission  of  the  bureau 
and  the  role  its  own  labs  would  have  in  fulfil  ling  that  mission.  De¬ 
spite  intermittent  patches  of  basic  research,  thevast  majority  of  work 
that  had  been  done  at  N  RL,  i  n  fact,  fel  I  under  the  categori  es  of  engi  - 
neering  and  testing.  That  is  just  what  Oberlin  feared  would  happen 
and  why  he  had  fought  so  hard  agai  nst  shift!  ng  N  RL  i  nto  the  Bureau 
of  Engi  neeri  ng  earl  i  er  i  n  the  decade 

In  1939,  as  part  of  a  much  larger  Naval  reorganization  that  con¬ 
solidated  the  shipbuildings  bureaus  (Bureaus  of  Engineering  and 
Construction  and  Repair),  Edison  returned  NRL  to  the  more  central 
supervision  of  the  Secretary's  Office:  "I  feel  the  laboratory  must  at- 
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tach  greater  emphasis  to  research,  and  for  this  reason  I  have  placed 
th  e  An  acosti  a  Labo  rato  ry  [  N  RL]  d  i  recti  y  u  n  d  er  th  e  O  ffi  ce  of  th  e  Secre¬ 
tary  of  the  Navy  and  proposed  to  provide  a  central  organization  to 
coordinate  and  emphasize  all  naval  research  and  development," 
Edison  told  a  committee  of  the  House  of  Representatives  in  1940. 
"We will  utilize thefacilities and  thestaff  at  Anacostiaand  gradually 
extend  thescopeand  activities  of  this  organization."^ 

Theorganization  Edison  spokeof  here  was  established  in  late  1939 
and  became  known  asthe  Navy  Department  Research  Council.  It  pre¬ 
saged  the  1946  creati  on  of  the  Off i  ce  of  N  aval  Research  ( 0  N  R) ,  whi  ch 
playsthiscoordinatingroletodayforNaval  research  in  general .  N RL's 
ascendi  ng  pi  ace  i  n  the  N  av/s  overal  I  research  agenda  was  evi  denced 
by  the  desi  gnati  on  of  N  RL's  Di  rector  as  the  chai  rman  of  the  counci  I , 
which  included  representatives  from  the  Navy's  materiel  bureaus 
(Aeronautics,  Ordnance  Construction  and  Repair,  and  Engineering). 

Secretary  Edison  articulated  the  changing  status  of  NRL  in  adirec- 
tiveto  hisChief  of  Naval  Operation:  'The  pri  mary  duty  of  the  Labo¬ 
ratory  divisions— will  be  fundamental  research  designed  for  the  ben¬ 
efit  of  naval  science  and  national  defense  and  such  collected  benefits 
to  pri  vate  i  ndustry  as  may  devel  op  therefrom."^^ 

Wi  th  research  I  eadersh i  p  at  N  RL  al  ready  i  n  the  hands  of  tal  ented 
civilian  scientists  I  ikeTayl  or,  Hayes,  Hulburt,  and  Gunn— all  of  them 
PhD  physicists  from  respected  universities— there  was  no  doubt  the 
Laboratory  had  the  scientific  stuff  for  doing  more  fundamental  re¬ 
search.  But  to  makethat  so  in  actuality  also  required  buy-in  alongthe 
chain  of  military  command  from  the  commander  of  NRL  on  up.  In 
addition,  a  good  portion  of  the  money  required  to  run  the  Labora¬ 
tory  had  to  come  from  sources  that  were  not  only  friendly  to  basic 
research,  but  were  also  patient  when  itcameto  demonstrable  payoff 
for  the  Navy.  Under  the  bureau,  money  was  there;  but  not  when  it 
came  to  longer  term,  more  speculative  scientific  research. 

In  Secretary  Charles  Edison,  who  was  born  and  bred  in  one  of  the 
most  technical  environments  of  his  time  sciencein  theNavyhad  a 
very  powerful  fri  end.  And  that  bode  wel  I  for  N  RL. 
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The  Laboratory's  prospects  were  further  strengthened  by  the  as¬ 
cendancy  of  Admiral  Harold  G.  Bowen  (see  Chapter  4),  the  brusque 
sci  ence-l  ovi  ng  offi  cer  who  had  repi  aced  Admi  ral  Robi  nson  as  head  of 
the  Bureau  of  Engl  neeri  ng,  and  who  took  over  the  N  RL  di  rectorshi  p 
in  October  1939. 

When  hetookthehelmattheageof  56,  Bowen  alreadyhad  given 
the  N  avy  38  years,  begi  nni  ng  when  he  became  a  student  at  the  N  aval 
Academy  in  1901.  In  1914,  he  earned  a  master's  degree  in  mechanical 
engi  neeri  ngfrom  the  Naval  Postgraduate  School.  In  1931,  hebecame 
AssistantChief  of  the  Bureau  of  Engineering,  and  four  years  later  he 
became  the  bureau's  chief.  In  that  position,  he  made  friends  and  en¬ 
emies  in  hi  shard-fought  campaignsto  modernizetheNavywith  such 
changes  as  high-pressure  high-temperature  steam  for  propulsion, 
hi  ^-speed  turbi  nesy  and  alternati  ng  current. When  hetook  over  N  RL, 
he  already  knew  that  radar  had  the  potential  of  being  the  most  im¬ 
portant  electronic  innovation  since  radio.  His  ambition  was  to  up¬ 
grade  Naval  research  and  development  as  no  one  had  before 

Itwould  have  seemed  in  late  1939  thatNRLfinallyhadtheticket 
to  become  the  Navy's  visionary  "corporate"  laboratory  whose  out¬ 
look  spanned  outto  and  beyond thehorizon.Thecontemporaneous 
outbreak  of  war  i  n  Europe  however,  would  postpone  NRL's  ability  to 
fully  redeem  that  ticket.  Although  direct  U.S.  involvement  in  World 
War  1 1  was  sti  1 1  two  years  away,  the  country  needed  its  mi  I  itary  forces 
to  be  prepared  for  anything.  The  Nazis  already  had  taken  and  occu¬ 
pied  Poland  earlier  in  the  year.  In  1940,  they  marched  on  Holland 
and  then  on  France  which  was  a  mere  British  Channel  away  from 
England.  Basic  research  would  have  its  place  at  NRL,  but  the  times 
were  cal  I  i  ng  far  more  for  N  RL's  demonstrated  geni  us  at  engi  neeri  ng. 


Chapter  6 


N  RL  Goes  to  W  ar 


Just  as  the  sinking  of  the  Lusitania  on  May  7,  1915  had  thrust 
Wo rl  d  War  I  onto  th  e  U  n  i  ted  States  wi  th  acute  d rama,  a  si  n gu  I  ar  tragi  c 
drama  on  December  7, 1941  pushed  the  U  nited  States  i  nto  thethroes 
of  Worl  d  War  1 1 . 0  n  that  day,  the  attack  on  Pearl  H  arbor  ki  1 1  ed  nearl y 
2,400  sailors.  Marines,  and  army  soldiers  and  civilians,  sunkordam- 
aged  21  shi  ps,  and  damaged  or  destroyed  more  than  300  ai  rcraft.  The 
next  day,  theU  nited  StatesdecI  ared  war  on  J  apan  and  theenti  re  country 
began  mobilizingasitnever  had  before  A.  HoytTaylor  later  recalled 
what  the  U  .S.  entry  i  nto  Worl  d  War  1 1  meant  to  the  N  aval  Research 
Labo  rato  ry:  "Th  e  acti  vi  ty  h  ad  to  ch  an  ge  al  most  overn  i  ^t,  f ro  m  a  fai  rl  y 
modest,  al  most  academi  c-type  I  aboratory  i  nto  one  of  the  greatest  re¬ 
search  i  nstitutions  in  the  world. 

The  bui  I  dup  was  phenomenal .  From  1941  to  the  end  of  the  war 
in  1945,  NRL  personnel  increased  by  more  than  400%,  from  396  to 
2,069.  That  was  not  the  half  of  it,  however.  Attendance  at  the  Radio 
Materiel  School,  which  had  shared  the  NRL  campus  since  1924, 
swel  I  ed  astheneed  for  personstrai  ned  i  n  radi  o  communi  cati  onsgrew 
along  with  the  Nav/ssurface  Fleet  and  airborne  units  By  1945,  the 
school  grew  to  accommodate  nearly  2,400  enlisted  men  as  well  as 
200  offi  cers,  al  I  si  eepi  ng  and  study!  ng  i  n  a  qui  ckl  y  bui  It  compound  of 
temporary  barracks  classrooms  and  even  a  chapel.  "So  much  con¬ 
struction  is  in  progress  on  theStation  that  NRL  isbeginningto  look 
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likea  modern  boom-town,"  read  an  articlein  ajuly  1944  issueof  the 
NRL  Pilot,  the  Laboratory's  newsletter  at  the  time^ 

It  took  a  lot  more  money  to  run  the  burgeoning  Laboratory  dur- 
i  ng  thefour  freneti  c  war  years.  The  Laboratory's  budget  mushroomed 
accordingly  from  $1.7  million  to  $13.7  million,  a  trend  that  would 
not  reverse  after  the  war.  The  annual  load  of  problems  the  Navy's 
bureaus  were  assigning  to  NRLdivisionsrosefromabout200to  nearly 
900  during  the  war.3 

Before  the  war,  the  uniformed  presence  at  N  RL  was  mi  nor.  After 
theattackon  Pearl  Harbor,  civilian  clothes  began  givingwayto  mili¬ 
tary  uniforms  as  though  it  were  an  expression  of  high  fashion.  In 
1941,  there  were  20  Naval  officers  working  at  NRL;  by  1945,  there 
were  1,018.  Mostoftheincreasewasduetoadefensiblescam.  Cogni¬ 
zant  of  the  cruci  al  behi  nd-the-scenes  rol  e  a  pi  ace  I  i  ke  N  RL  mi  ght  end 
up  playing  in  a  technologically  sophisticated  war,  the  Navy  Depart¬ 
ment  had  worked  out  a  compromise  with  the  local  draft  board  in 
which  the  Laboratory's  civilian  scientists  could  be  inducted  into  the 
N  avy  but  then  assi  gned  to  work  at  the  Lab.  That  prevented  the  I  i  kel  y 
alternativeof  having  a  lot  of  badly  needed  research  and  engineering 
tal  ent  getti  ng  drafted  by  normal  routes  and  then  sent  anywhere  i  n  the 
world  they  might  be  needed. 

I  n  this  agreement  with  the  draft  board,  those  at  N  RL  who  could 
have  earned  officer  ranks  received  Naval  commissions  at  grades  that 
reflected  their  ranks  within  the  Laboratory's  professional  hierarchy. 
Those  who  couldn't  meet  the  physical  requirements  of  officerdom 
became  petty  off i  cers  At  ti  mes,  th i  s  I  ed  to  i  ron  i  c  arrangements  i  n  wh  i  ch 
senior  sci  entists  were  mi  I  itari  ly  outranked  by  thei  r  professi  onal  sub- 
ordi  nates. 

These  werenottheonlyadditi  onal  uniforms  that  began  showing 
up  for  work  at  the  Laboratory.  Some  167  women,  whohadjoinedthe 
Navyto  assist  the  war  effort  in  noncombatant  jobs,  also  cameto  NRL. 
They  were  known  as  WAVES  (Women  Accepted  for  Volunteer  Emer¬ 
gency  Service)  and  took  on  much  of  the  additional  clerical  work  that 
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The  Laboratory  as  it  appeared  in  iate  1944 


i  ncreased  markedi  y  al  ong  wi  th  thequi  ckeni  ng  of  the  Laboratory's  pace 
The  WAVES  also  imported  more  romance  than  the  Laboratory  had 
ever  known.  Every  week,  theNRL  P/7ot  announced  with  the  requisite 
corninessof  the  times  of  some  "hand  holding"  going  on  along  the 
river  or,  more  seriously,  another  marriage  of  a  WAVE  and  an  NRL  re¬ 
searcher  or  shop  worker. 

The  roster  of  contract  employees,  who  could  be  hired  far  more 
quickly  and  efficiently  than  by  relying  on  cumbersome  protocol  es¬ 
tablished  by  the  Civil  Service  also  rose  to  a  high  of  750  during  the 
war  years.  0 nee  here  these  researchers  and  engi  neers  often  si  i d  i  nto 
permanent  si  ots  at  N  RL. 

With  all  oftheseadditional  peoplecomingtoworkattheBellevue 
site  there  were  more  mouths  to  feed,  more  rooms  to  i  1 1  umi  nate  and 
heat,  more  toilets  to  flush,  more  work  to  be  done  more  paper  to 
push,  more  phone  lines  to  operate  Buildings  were  going  up  almost 
overnight.  Cars  were  in  parking  lots,  day  and  night.  Draftsmen  (and 
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draftswomen)  hunched  over  tables  at  all  hours  drawl  ng  up  plans  for 
hundreds  of  wait!  me  gadgets  Theshopwasin  aconstant  frenzy,  loud 
with  model  building  and  prototype  construct!  on  so  that  the  compa¬ 
nies  contracted  to  build  production  models  would  know  precisely 
what  the  Navy  wanted  them  to  make  More  trucks  were  delivering 
more  supplies  and  hauling  away  more  garbage  With  all  ofthishiring 
and  procurement,  there  was  more  governmental  red  tape  to  navigate 
M  ore  fi  ngers  were  di  al  i  ng  more  phone  cal  I  s  and  keep!  ng  the  i  ncreas- 
ing  roster  of  switchboard  operators  very  busy.  To  use  a  jazz  colloqui¬ 
alism,  "thisjointwasjumping." 

To  acceleratethetransition  of  equipment  designed  at  the  Labora¬ 
tory  to  operational  status  in  the  Fleet,  several  special  liaison  groups 
sprang  up.  These  groups  linked  NRL  researchers  and  the  industrial 
contractors  they  worked  closely  with  to  produce  equipment,  on  the 
onesidewith  Navy  personnel  who  would  usetheequipment,  on  the 
other  side 

Oneoftheseg'oupswastheAirborneCoordinatingGroup(ACG), 
whose  airborne  electronics  specialists  would  number  140  by  1943. 
The!  r  job  was  to  troubi  eshoot  breakdowns  and  fai  I  ures  i  n  al  I  ai  rborne 
electronic  devices,  come  up  with  corrective  measures,  and  perform 
maintenance  Radios,  homing  beacons,  radar  searching  and  jamming 
equi  pment,  i  dentifi  cati  on  equi  pment,  and  other  morespeci  al  i zed  gad¬ 
gets  were  poppi  ng  up  al  I  over  the  i  nsi  de  and  outsi  de  of  pi  anes  The 
men  of  the  ACG  carried  out  about  1,000  field  missions  around  the 
globe  A  shipboard  version  of  the  ACG,  the  Electronic  Field  Service 
Group  of  325  officers,  enlisted  men,  and  civilians  did  the  similar 
tasks  for  shipboard  electronics,  which  involved  afar  more  extensive 
i  nventory. 

A  third  special  group,  created  in  1942,  the  Combined  Research 
Group  (CRG),  was  tasked  with  coordinating  work  on  an  electronic 
device  known  as  IFF  (I  dentifi  cati  on:  Friend  or  Foe).  'The  CRG  had  its 
start  to  unify  the  many  beacon  systems  i  n  use  duri  ng  WWI I  to  di  rect 
bombers  to  their  targets,"  recalIsFlenryM.  Suski,then  a  project  engi- 
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neerwith  theCRG.'^Thegroup'smajorgoal,  however,  was  to  develop 
a  device  that  would  enable  the  new  radar  systems  entering  service 
duringthewarto  distinguish  between  friendsand  foes  With  so  much 
shooting  taking  place  beyond  ranges  where  visual  verification  was 
possible  new  techniques  of  determining  who  itwasyou  were  shoot¬ 
ing  at  took  on  critical  importance  This  was  especially  critical  in  a 
conflict  like  World  War  II,  where  multinational  forces  with  a  wide 
vari  ety  of  equi  pment  j  oi  ned  forces  agai  nst  the  enemy. 

NRL's  Radio  Division  went  part  of  the  way  toward  the  goal  of  a 
multinational  IFF  system  in  1942  by  providing  IFF  equipment— des 
ignated  asMarklll— thatwasadopted  by  both  the  United  States  and 
United  Kingdom.  'The  system  was  installed  on  practically  every  air¬ 
craft  and  ship  of  the  U.S.  forces,"  Louis  Gebhard  of  the  Radio  Divi¬ 
sion  later  stated.  "It  was  used  extensively,  particularly  during  opera¬ 
tion  in  the  Pacific."^ 

Th  ere  were  a  n  u  mber  of  tech  n  i  cal  probi  ems  i  n  vo  I  ved  wi  th  the  M  ark 
III,  not  the  I  east  of  which  was  the  amount  of  time  it  took  to  make  an 
identification.  The  CRG  was  formed  to  solve  these  problems  The 
group's  membershi  p  combi  ned  researchers  from  the  U  .S.  Army,  U  .S. 
N  avy,  the  N  ati  onal  Defense  Research  Commi  ttee's  Radi  ati  on  Labora¬ 
tory  at  M  IT,  the  British  Admi  ralty,  Canada,  and  others  al  I  under  con¬ 
tract  from  the  United  States'  National  Defense  Research  Committee 
As  it  turned  out,  the  CRG  made  considerable  progress  toward  what 
became  known  as  the  M  ark-V  I FF,  but  the  new  system  wasj  ust  under¬ 
go!  ng  eval  uati  on  for  FI  eet  use  when  the  war  ended.® 

In  addition  to  the  explosive  growth  at  the  main  campus  along  the 
Potomac  River,  the  Laboratory's  first  major  field  station,  the  Chesa¬ 
peake  Bay  An  n  ex  ( n  ow  cal  I  ed  th  e  C  h  esapeake  Bay  D  etach  ment) ,  was 
undergoing  its  own  fantastic  growth  spurton  thewestern  shoreofthe 
Chesapeake  Bay.  J  ust  before  the  war,  Tayl  or.  Young,  and  Gehbard  had 
identified  and  procured  a  site  about  40  miles  from  the  Laboratory 
along  cliffs  overlooking  the  Chesapeake  Bay.  Its  location  made  it  an 
ideal  place  to  field-test  experimental  communications  and  radio  de- 
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tection  equipment,  new  antennae  and  other  large  and  small  gadgets 
Radio  and  radar  engineers  could  perform  these  tests  under  more  real¬ 
ist!  c  and  reveal  i  ng  condi  ti  ons  because  N  avy  vessel  s  of  any  shape  and 
size  could  approach  the  annex  in  an  open  body  of  water.  From  1941 
to  1945,  the  newly  acquired  CBA  grew  to  over  100  personnel  and  to 
more  than  a  dozen  large  buildings,  including  a  barracks  and  mess 
hall. 

Staff  of  the  Radio  Division  were  not  the  only  ones  commuting  to 
theCBA.  Researchers  from  the  Optics  and  Sound  Divisions  also  were 
putting  the  facilities  to  use  And  beyond  NRL  staff,  engi neers  from 
commercial  contractors  such  as  General  Electric,  RCA,  and  Bell  Labs 
took  up  barrack  space  at  the  annex  so  that  they  could  field-test  the 
I  atest  prototypes  of  the  el  ectroni  c  gear  thei  r  compani  es  were  bui  I  di  ng 
under  contract  to  the  N  av/s  bureaus  or  the  N  ati  onal  Defense  Research 
Committee 

The  wait!  me  N  RL  was  an  adol  escent  I  aboratory  i  n  a  ragi  ng  growth 
spurt  on  itswayto  adulthood.  Suchtransitionsinevitablybringgrowth 
pains  and  the  Laboratory  was  growing  faster  than  could  be  easily 
managed.  The  number  of  research  divisions  grew  to  ten.  The 
Laboratory's  functions  and  needs  were  becoming  more  varied  and 
complex  at  a  time  when  the  war  was  greatly  amplifying  the  normal 
chal  I  enge  of  procuri  ng  ski  1 1  ed  workers,  researchers,  and  the  research 
materials  needed  to  do  top  quality  work.  This  was  a  time  after  all, 
when  rubber  was  scarce  enough  to  ration,  and  nylon,  which  DuPont 
had  just  commercially  introduced  during  the  war,  had  been  pulled 
from  th  e  gen  eral  market  to  make  i  ts  I  i  mi  ted  su  ppl  y  aval  I  abl  e  for  mak- 
i  ng  parachutes,  ti  re  cords,  and  other  mi  I  itari  ly  i  mportant  equi  pment. 

Theold,  homeystyleofrecruitment  by  which  Laboratory  super- 
i  nten dents  woul  d  wri  te  I  etters  an d  make  ph one  cal  I  s  to  sol  i  ci  t  recom- 
mendati  ons  from  thei  r  trusted  fri  ends  i  n  the  sci  ence  worl  d  gave  way 
to  brand  new  Laboratory  bureaucracies  dedicated  to  personnel  issues 
H  i  ri  ng  became  more  of  a  crapshoot  than  the  sure  thi  ng  it  once  had 
been.  The  population  of  lawyers,  a  sure  indicator  of  an  organization's 
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I  OSS  of  i  nnocence  grew.  As  the  Laboratory's  staff  i  nvented  more  and 
more  gadgetry  at  an  ever-accelerating  wartime  pace  the  Laboratory 
installed  a  Patents  Section  (latergeneralized  to  become  the  Legal  De¬ 
partment),  which  by  the  end  of  the  war  employed  16  attorneys. 

Changes  in  the  Laboratory's  drafting  service  also  reflected  the 
wartime  bustle  The  drafting  staff  had  always  resided  in  the  Radio 
Division,  but  when  their  skills  became  more  generally  required 
throughout  the  Laboratory,  this  technical  drawing  staff  budded  off 
into  its  own  Design  and  Drafting  Section  in  1943.  The  section  got  so 
busy  duringthewar  that  it  advertised  intheA/RL  P/7of  for  "girls  inter¬ 
ested  in  drafting."  Had  it  not  been  wartime  even  humbleopportuni- 
ti  es  I  i  kethi s  i  n  a  mal  e-domi  nated  techni  cal  setti  ng  most  I  i  kel y  woul  d 
not  have  been  aval  I  abl  e  for  women . 

Despite  the  nearly  unmanageable  growth  and  the  concomitant 
arri  val  of  mo  re  bu  reacracy,  th  e  Labo  ratory  was  f  u  1 1  y  swept  u  p  wi  th  th  e 
nation's  gung-ho,  single-minded  war  effort.  The  NRL  Pilot's  often 
printed  axiom  was:  "The  difficult  we  will  do  at  once— the  impossible 
may  take  a  I  i  ttl  e  1 0  n  ger. "  To  CO  pe  wi  th  ti  re  sh  0  rtages,  th  e  P /  / ot 's  ed  i  to  rs 
implored  employees  to  use  car  pools  Buying  War  Bonds  and  donat¬ 
ing  blood  for  use  overseas  near  the  battlefronts  were  other  ubiqui¬ 
tous  mandates  dri  1 1  ed  i  nto  the  newsi  etter's  readers 

Each  NRL  Pilot  served  as  both  a  pep  tal  k  and  a  paternal  I  ecture  I  n 
thefirstissueof  1944,  theP/7of  touted  Mildred  K.  Ruth  for  the  impor¬ 
tant  work  she  was  doi  ng  i  n  testi  ng  I  i  ght  bul  bsfor  thei  r  abi  I  i  ty  to  with¬ 
stand  shock  and  vibration.  "If  the  lights  go  out  on  aship,  many  lives 
arelikelyto  belost,"  an  articleread.  "[Mildred  Ruth]  has  the  satisfac¬ 
tion  of  knowing  that  she  is  contributing  an  important  bit  to  the  war 
effort." 

The  Pilot  also  intermittently  brought  the  war  down  to  the  most 
personal  level.  One  article  in  the  final  issue  of  1943  included  the  fol¬ 
lowing  short  item:  "NRL  extends  sympathy  to  Albert  E.  Meininger, 
who  received  word  last  month  that  hisson  was  reported  missing  in 
action  foil  owing  an  air  attack  over  New  Britain  Island.  Mr.  Meininger 
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th  i  n  ks  h  i  s  son  mi  ght  be  a  pri  soner  of  thej  aps,  as  h  i  s  pi  ane  was  seen  to 
crash  i  n  the  harbor  at  Rabaul Another  Pilot  arti  cl  e  reported  that  36- 
year-ol  d  Kermit  Robey,  afomner  N  RL  machi  neshop  worker,  was  ki  1 1  ed 
in  action.  Every  issue  of  thePilot  also  recorded  the  minutiae  of  nor¬ 
mal  life:  softball  scores,  birth  announcements,  rumors  of  romances, 
weddings,  and  corny  poems 

Meanwhile  World  War  II  was  having  a  profound  effect  on  the 
Laboratory's  overal  I  character.  The  i  mmedi  acy  of  war  superseded  any 
plans  Admiral  Bowen  and  Charles  Edison  might  have  had  for  long¬ 
term  and  more  fundamental  research.  With  a  war  upon  whose  out¬ 
come  the  fate  of  the  world  literally  rested,  there  were  more  urgent 
matters  that  N  RL  researchers  needed  to  address  I  n  fact,  much  of  N  RL's 
work  duri  ng  the  war  i  nvol  ved  the  N  av/s  versi  on  of  consumer-test!  ng 
to  make  sure  that  equi  pment  i  mmi  nently  si  ated  for  use  i  n  the  FI  eet 
actual  ly  coul  d  assi  mi  I  ate  i  nto  thei  r  i  ntended  sett!  ngs  and  work  rel  i- 
ably  once  they  were  there  There  also  was  a  constant  stream  of  top 
priority  calls  to  solve  emergency  situations  that  cropped  up  as  the 
U  .5.  N avy  went  i  nto  al  I  ki  nds  of  new  envi  ronments  with  a  combi  na- 
tion  of  new  equi  pment  and  machines,  freshlytrained  sailors  and  new 
technologies 

O  n  theadmi  ni  strati  ve  I  evel ,  the  Laboratory  al  ready  had  ri  cocheted 
from  the  domi  ni  on  of  the  Secretary  of  the  N  avy  back  to  bei  ng  an  arm 
of  a  N  avy  bureau.  The  shift  occurred  i  n  J  uly  1941  as  the  war  i  n  Europe 
was  intensifying  but  before  the  U .S.  entered  the  conflict.  Thistime 
NRLfell  under  the  Bureau  of  Ships  which  then  Secretary  of  the  Navy 
Edison  had  created  in  1940  by  merging  the  former  Bureau  of  Engi- 
neeringand  the  Bureau  of  Construction  and  Repair.  Given  thetimes, 
the  administrative  shift  was  just  as  well.  As  Taylor  later  put  it:  "the 
matter  of  administration  madevery  little  difference  to  us  during  the 
war,  for  by  far  the  greatest  percentage  of  our  work  was  done  for  the 
Bureau  of  Ships  anyway."^  Theshift  brought  with  it  the  advantage  of 
placing  NRL  administratively  closer  to  those  who  would  know  tech¬ 
nical  detai  I  s  about  the  FI  eet's  warti  me  needs 
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To  recount  thestories  of  even  1  percent  of  NRL's  wartime  projects 
would  turn  this  book  into  a  sizable  compendium  that  would  read 
I  i  ke  a  catal  og.  The  fol  I  owi  ng  handful  of  the  more  dramati  c  or  conse¬ 
quent!  al  episodes  played  out  on  NRL  stages  is  intended  onlyto  serve 
up  a  taste  of  wait!  me  N  RL. 

Electronic  Warf^e— The  Solution  Becomes  the  Problem 

More  influential  than  the  administrative  shifts  within  the  Navy 
on  overall  NRL's  activities  was  the  creation  injune  1940oftheNDRC, 
a  high-powered  advisory  and  funding  body  that  became  part  of  the 
more  encompassing  Office  of  Scientific  Research  and  Development 
(OSRD).  The  NDRC  was  made  up  of  the  country's  most  respected 
scientific  leaders  Itsrolewasto  coordinate  war-related  research  across 
the  nation's  full  complement  of  technical  assets  in  academia,  indus¬ 
try,  and  government.  The  wo  rid  in  which  NRL  could  view  the  Navy  as 
where  the  buck  stopped  became  a  world  where  the  Navy  and  NRL 
became  pi  ayers  on  a  much  I  arger  team. 

Among  the  most  fateful  and  historically  significant  decisions  of 
the  N  DRC  to  affect  N  RL  was  to  shift  the  center  of  mi  I  itary  radar  re¬ 
search  to  a  newl y  organized  faci  I  ity,  the  Radi  ati on  Laboratory  ( known 
also  as  the  Rad  Lab),  at  the  Massachusetts  Institute  of  Technology 
(MIT).  This al l-out,  top-pri ority,  top-secret  research  and  devel opment 
facility  produced  results  that  rank  along  with  nuclear  weapons,  syn¬ 
thetic  rubber  (to  substitute  for  embargoed  supplies  of  natural  rub¬ 
ber),  and  the  proxi  mity  fuze  as  among  the  most  i  mportant  techno- 
I  ogi  cal  devel  opments  of  Worl  d  War  1 1 . 

The  formation  of  the  Radiation  Laboratory  and  the  character  of 
radar  research  in  the  United  States  changed  dramatically  following 
thel940Tizard  mission,  duringwhich  acadre of  British  scientistsled 
bySir  HenryTizard  visited  the  United  States,  including  NRL,  as  part 
of  an  effort  to  coordinate  war-related  research  amongstthe  Allies  Prior 
to  theTizard  mission,  NRL's  radio  detection  work  focused  on  high- 
frequency  systems  for  ships  The  British  were  more  immediatelyvul- 
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nerable  especially  at  night,  to  German  attack  by  way  of  bombers,  and 
later  by  way  of  unmanned  V-2  "buzz"  bombsflying  in  from  air  bases 
located  in  occupied  France  Understandably,  thei r  research  effort  cen¬ 
tered  on  airborne  radar. 

Sinceplanes  are  smaller  than  ships,  however,  theBritish  were  more 
pressed  to  develop  compact  radar  systems  than  wastheUnited  States 
A  key  difference  between  high-frequency  and  microwave-based  sys¬ 
tems  ( whose  wavel  engths  are  shorter)  i  s  that  the  I  atter  enabi  es  engi  - 
neersto  design  more  compact  ^ems  using  smaller  antennae  that  are 
more  suited  for  aircraft.  Another  reason  the  British  were  technically 
ahead  in  this  microwave  regime  of  radar  technology,  which  othersin- 
cl  udi  ng  N  RL  at  I  east  had  dabbi  ed  i  n  for  several  years,  was  the  i  nven- 
tion  of  a  gadget— the  multicavity  magnetron— by  a  physicist  at  the 
University  of  Birmingham. 

Unlike  the  electronic  tubes  available  in  the  United  States,  the 
multi  cavity  magnetron  could  electronicallyoscillate  at  thehigher  mi¬ 
crowave  frequencies  with  great  enough  power  to  generate  strong  radar 
pulses  and  detectable  echoes  from  distant-enough  targets  Besidesen- 
abl  i  n  g  th  e  use  of  mu  ch  smal  I  er  anten  n  ae  th  e  mu  I  ti  cavi  ty  magn  etron 's 
microwave  frequencies  could  be  used  to  generate  more  powerful  and 
sharply  directed  radar  pulses  In  turn,  this  helped  clear  the  way  for 
specialized  and  more  capable  radar  equipment  for  fire-control  on 
shipborneguns  nighttime  operation  of  fighter  planes,  and  antisub¬ 
marine  warfare  ( ASW)  by  h  el  pi  n  g  ASW  attack  pi  an  es  I  o  cate  th  ei  r  h  ard- 
to-fi  nd  targets  Another  advantage  of  mi  crowave  radars  was  that,  for  a 
substantial  time;  the  Germans  and  Japanese  were  unaware  of  the 
progress  of  the  British  in  this  regime  and  neglected  to  deploy  detectors 
to  warn  themselves  when  illuminated  at  mi  crowave  frequencies® 

The  multi  cavity  magnetron  and  mi  crowave  radar  becameth era/son 
d'etre  for  the  Rad  Lab.  N  RL  used  the  multi  cavity  magnetron  to  design 
i  ts  own  ai  rborne  radar  equi  pment,  desi  gnated  the  ASB  system.  I  n  ti  me; 
25,000  ASB  sets  were  produced  and  installed  in  Naval  air  squadrons 
The  radar  experts  on  theTizard  mission  did  not  return  to  Britain  empty- 
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handed.  One  of  the  more  important  technical  leadsthey  took  back  to 
thei  r  I  aboratori  es  was  the  dupl exer  that  Robert  Page  of  N  RL's  Radi  o 
Division  had  developed  in  the  I  ate  1930s  The  dupl  exer  and  its  inge¬ 
nious  electronic  switching  mechanism  enabled  a  single  antennae  to 
serve  as  both  thetransmi  tter  and  recei  ver  for  a  radar  system  ( see  Chap¬ 
ter  4). 

Priorto  N  RL's  disclosure  of  the  dupl  exer,  British  radar  designers— 
the  most  advanced  in  the  world— had  been  relegated  to  using  two 
antennae  a  cumbersome  and  performance-erodi  ng  arrangement  for 
fi  ghter  pi  anes  When  Wi  nston  Churchi  1 1 ,  Bri  tai  n's  Pri  me  M  i  ni  ster  dur¬ 
ing  WWI  I,  gave  his  famous  speech  in  which  he  said,  "Never  have  so 
many  owed  so  much  to  so  few,"  the  radar  men  honestly  could  i  ncl  ude 
themselves  amongst  the  "few." 

Yet  NRL's  place  in  the  history  of  radar  would  never  fully  recover 
from  the  creation  of  the  Rad  Lab  and  the  emergence  of  microwave 
radar  over  hi  gh-frequency  radar  as  the  pi  nnaci  e  of  Worl  d  War  1 1  radar 
technology.  The  Rad  Lab,  a  temporary  wartime  entity,  would  go  down 
in  history  as  the  womb  of  radar  in  the  United  States  even  though  it 
h  ad  n  oth  i  n  g  to  d  0  wi  th  th  e  earl  i  est  d  evel  opments  at  N  RL  an  d  by  Army 
researchers  A  recently  pubi  ished  600-page  history  of  radar  by  Robert 
Buderi,  T/ie/nvent;  on  that  Changed  the  World,  chronicles  the  Rad  Lab's 
story  i  n  great  detai  I  whi  I  e  hardly  menti  oni  ng  the  rol  e  of  N  RL's  Radi  o 
Division. 

Thestaff  of  the  Radio  Division,  which  by  the  end  of  the  war  had 
grown  to  over  1,000,  did  in  fact  make  critical  lifesaving  contributions 
duringthewar.  Thehigh-frequencyshipbornesystemsforsearch  and 
detection  that  NRL  demonstrated  in  the  late  1930s  and  the  new  air- 
borneASB  radar  that  emerged  foil  owing  the  Tizard  mission's  disclo¬ 
sure  of  the  multi  cavity  magnetron  became  crucial  instruments  of  war 
th  at  pi  ayed  si  gi  i  f  i  canti  y  i  n  th  e  o  utcomes  of  many  mi  ssi  ons  an  d  batti  es 

The  NRL  radio  men  also  helped  proveto  Naval  officers  that  radar 
was  good  for  more  than  j  ust  provi  di  ng  earl  y  warni  ng  of  enemy  shi  ps 
and  planes  Soon  after  theU.S.  entry  into  thewar,  they  demonstrated 
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thatnovd  radar-based  fi  recontrol  systennsto  direct  heavy  gunfirecould 
improve  upon  the  age-old  optical  fire-control  methods  RecallsTay- 
1 0 r : "  I  n  th  e  begi  n  n  i  n  g,  th  e ' I  i  n  e'  off i  cers  of  th  e  N  avy  were  very  skepti  - 
cal  about  radar  fire-control,  but  after  thesecond  battleof  Savo  Island 
(1942),  when  radar  saved  an  American  task  force;  the  Fleet  became 
completely  sold  on  its  use"® 

Radar  was  so  newin  World  Warll  that  every  aspect  of  the  technol¬ 
ogy  was  ri  pefor  i  mprovement.  The  earl  i  est  radar  operators  were  chal  - 
lenged  to  make  sense  of  scratchy  lines  shooting  nervously  upward 
from  a  gl  owi  ng  hori  zontal  poi  nt  sweep!  ng  across  a  fl  uorescent  screen . 
A  sweep!  ng  I  i  ne  hardly  corresponds  to  thethree-di  mens!  onal  vol  ume 
around  a  ship  and  plane;  maki  ngthisearlytype  of  display  difficuitto 
read  and  interpret.  NRL  researchers  worked  quickly  in  the  early  part 
of  the  war  to  i  mprovethe  di  spl  ay  of  radar  i  nformati  on  by  devel  opi  ng 
thePPI,  orPlan  Position  Indicator.  Thedevicedisplayed  radar  echoes 
so  that  the  farther  they  were  from  the  receiver,  the  farther  from  the 
display's  center  the  echo  appeared  on  thescreen.  Moreover,  theangle 
of  the  displayed  echoes  corresponded  mo  re  closely  with  thedetected 
objects  actual  bearing.  With  the  PPI,  operators  could  more  readily 
detect  and  track  many  enemy  threats  simultaneously.  Many  versions 
of  these  displays  were  produced  by  the  thousands  and  ended  up  in 
the  Fleet  during  the  war.  (They  are  still  widely  in  use  today  in  ship, 
aircraft,  and  air  traffic  control  displays) 

The  increased  electronification  of  warfare  during  World  War  II 
brought  an  unprecedented  weight  down  upon  theshoulders  of  scien¬ 
tists  and  engineers  As  soon  as  Allied  or  Axis  fighters  flicked  on  the 
switch  of  some  new  piece  of  communications  or  radar  technology, 
rad!  o  and  el  ectroni  cs  experts  on  the  other  si  de  took  off  on  a  research 
and  development  sprint  to  come  up  with  measures  to  counter  the 
new  technology.  Each  additional  day  a  new  Nazi  or  Japanese  radar 
system  could  detect  Allied  bombers  without  being  countered  in  some 
way  translated  into  additional  deaths  of  comrades  and  uncompleted 
missions  What'smore onceonesideintroducedsomenew counter- 
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measure  sci  enti  sts  and  engi  neers  on  the  other  si  de  went  i  nto  another 
reactionary  research  and  deveiopment  frenzy  to  come  up  with  counter¬ 
countermeasures  From  the  beginning,  NRL  was  in  the  heat  of  this 
deadiy  game  of  ei  ectronic  ci  oak-and-dagger. 

Hints  of  this  kind  of  eiectronic  warfare  showed  up  eariy  in  the 
historyof  radio,  indeed,  radiowasstiii  caiied  wirei ess teiegraphy when 
itsvuinerabieunderbeiiyshowed  itseif.  Soon  after theturn  of  thecen- 
tury,  Navai  radio  operators  discovered  that  radio  communication  was 
susceptibieto  both  accidentai  and  deiiberate  disruption.  The  former 
mi  ght  be  cai  i  ed  i  nterference;  the  i  after  became  known  as  j  ammi  ng. 

A  receiver  tuned  to  a  parti cuiar  frequency  wiii  pick  up  any  radio 
signaisfromanysufficientiystrongsourcesoiongasthesignais  match 
the  frequency  to  which  thereceiver  is  tuned.  To  jam  radio  communi¬ 
cation  at  50  kHz,  therefore  aii  you  have  to  do  is  buiid  a  transmitter 
that  emits  static  at  50  kHz.  To  counter  the  jamming  at  50  kHz,  you 
need  a  radio  system  that  can  switch  frequencies  To  counter  a  radio 
system  that  can  usemuitipiefrequencies,  you  need  a  jammer  that  can 
switch  to  those  samefrequenciesThisisjustonereason  why  so  much 
of  the  N  RL's  radi  o  devei  opers'  effort  went  i  nto  bui  i  di  ng  di  fferent  ki  nds 
of  radi  os  that  coui  d  operate  at  different  ranges  of  frequenci  es 

Soon  after  NRL  opened  its  doors  members  of  NRL's  Radio  Divi¬ 
sion  set  out  to  modernize  another  earlytacticof  radio  warfare— di  rec¬ 
ti  on  finding(DF).  As  its  name  implies,  a  direction  finder  helps  to  lo¬ 
cate  a  radio  transmitter.  With  DF  equipment,  an  enemy's  radio  trans 
mifter  becomes  a  beacon  revealing  its  location.  Howard  Lorenzen,  a 
radi  o  engi  neer  newl  y  hi  red  at  N  RL  i  n  1940  and  I  ater  head  of  the  newl  y 
formed  Countermeasures  Branch  and  then  the  more  comprehensive 
Electronic  Warfare  Division,  later  explained  why  DF  already  had  be¬ 
come  an  i  mportant  part  of  anti  submarine  warfare  duri  ng  World  War  I : 

"In  successful  submarine  operations  the  submariner  needs  to  tell 
his  operational  commander  where  he  is  located  and  receive  the 
benefit  of  any  changes  in  ordersor  guidanceor  intelligenceon  the 
enemy's  disposition.  The  conventional  submarine's  range  is  lim- 
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ited  by  the  amount  of  fuel  it  can  carry  and  periodically  it  must 
be  refueled  and  replenished.  To  effect  a  rendezvous  with  a  tanker 
or  support  ship  he  must  be  able  to  tell  them  where  and  when  to 
meet  him. 

Even  duri ng  Worl d  War  I ,  the  United  States  put  DF  equi  pment  to 
good  use  on  ships  and  shore  stations  to  help  locate  enemy  subma¬ 
rines  operati  ng  i  n  the  Atl  anti  c 

By  the  ti  me  the  U  nited  States  entered  Worl  d  War  II,  N  RL  radi o 
engineers  and  technicians  had  developed  more  accurate  DF  equip¬ 
ment.  Rupert  FI  uski  ns  supervised  installation  of  this  equi  pment  in  a 
network  of  shorestationscoveringAtlanticOcean  areas  FI  is  col  league 
Sterl  i  n  g  Th  ri  ft,  wo rked  wi  th  i  n  d  u stry  i  n  th  e  vast  eff o it  to  f  i  t  sh  i  ps  wi  th 
DF  equipment.  Several  French  refugee  researchers  who  escaped  from 
France  after  it  fell  to  the  Nazis  contributed  greatlyto  NRL'sDF  work 
from  their  new  research  venue  at  the  Federal  Telecommunications 
Laboratory  at  Amagansett,  Long  Island.^ 

Theresulti  ng  network  of  shorebased  and  shi  pbomedi  recti  on  fi  nd- 
ers  enabi  ed  the  N  avy  to  steer  convoys  away  from  enemy  submari  nes 
lurking  either  by  themselves  in  shipping  lanes  or  in  "wolf  packs" 
TheDF  equipment  also  helped  U.S.,  British,  and  Canadian  carriers 
and  destroyers  locate  and  then  sink  the  submarines  What's  more 
when  Japanese  airmen  began  using  ultrahigh  frequency  (U FI F)  and 
very  high  frequency  ( VFI F)  radars  to  search  for  Ameri  can  submari  nes 
in  the  Pacific,  an  engineering  team  at  NRL  quickly  developed  and 
i  nstal  I  ed  equi  pment,  i  ncl  udi  ng  di  recti  on  fi  nders,  that  al  erted  thesub- 
mari  ners  whenever  enemy  radar  pulses  were  reach!  ng  them. 

The  advent  of  radar  equi  pment  i  n  Worl  d  War  1 1  catal  yzed  a  never- 
ending  round  of  countermeasures  work.  No  sooner  did  radar  make 
itswayinto  military  operations  than  did  radar  engineers  begin  com¬ 
ing  up  with  means  to  detect  and  locate  jam,  deceive  and  otherwise 
counter  enemy  radar  systems Thus  began  the  behind-the-scenes 
high  dramaof  electronic  countermeasures  and  electronic  warfare  that 
conti  nues  under  great  secrecy  to  thi  s  day  i  n  N  RL's  Bui  I  di  ng  210  and 
other  pi  aces  around  the  worl  d. 
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J  ust  four  days  after  the  Pearl  H  arbor  attack,  Admi  ral  J  ul  i  us  Purer,  a 
major  player  in  coordinating  research  and  development,  convened  a 
high  level  meeting  with  representatives  of  the  Office  of  Scientific  Re¬ 
search  and  Development,  the  Rad  Lab,  and  the  Navy.  The  goal  of  the 
meeti  ng  was  to  fi  gure  out  how  the  U  nited  States  was  goi  ng  to  create 
an  adequate!  nfrastructureforthesophisticated  countermeasures R&D 
that  war  planners  sensed  the  United  States  was  going  to  need.  Less 
than  two  weeks  later,  official  machinery  had  been  set  in  motion  to 
create  an  obscurely  named  Radiation  Research  Laboratory  (RRL)  at 
Harvard.  Essentially  adjacent  to  the  Rad  Lab  at  MIT,  it  would  become 
a  national  center  of  a  massive  countermeasures  R&D  effort  in  the 
middle  of  the  relentless  and  deadly  cat-and-mouse  game  with  the 
enemy's  radi  o  and  el  ectroni  cs  researchers  0  nee  agai  n,  N  RL  became  a 
participantin  somethingtoo  bigfor  any  one  facility  to  handle^^ 
Early  warning  airborne  receivers  for  example;  could  tell  pilots 
when  their  planeswere  being  illuminated  by  an  enemy  radar.  Once 
thefrequencyof  an  interrogatingradarwas  known,  frequency-matched 
transmissions  from  radar  jammers  could  be  high-beamed  at  the  en¬ 
emy  radar  system  to  bl  i  nd  it  to  specific  targets  That,  of  course;  only 
prodded  clever  radar  engineers  and  electronics  experts  to  develop 
equipment  for  switching  frequencies  whenever  jamming  became  a 
problem.  That  only  provoked  similarly  clever  development  of  jam¬ 
mers  that  could  continuously  sweep  frequencies  and  then  lock  onto 
anyfound.  Dependingontherelativestrengthsand  speed  oftheequip- 
ment  and  their  operators  such  a  jammer  could  essentially  blind  an 
enemy  radar  or  at  least  keep  it  on  the  run,  maki  ng  it  tougher  to  get  a 
good  fix  on  targets 

Howard  Lorenzen  got  a  taste  for  what  his  world  was  going  to  be 
likeimmediatelyafterbeingassignedtothecoylynamed  Special  De¬ 
velopments  Section  oftheRadio  Division.  Helater  recalled  what  hap¬ 
pened: 

"One  of  my  first  projects  was  to  build  a  400  MHz  receiver  for  a 
new  radar  system  that  was  being  developed  for  the  N  avy  within 
theL  aboratory.  I  was  working  on  the  second  floor  of  the  building 
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where  the  Radar  D  i  vision  had  [ its]  radar  systems  in staiied  in  the 
penthouse  Shortiy  after  I  finished  wiring  up  the  receiver  and  had 
it  on  the  bench  for  aiignment,  one  of  the  radar  engineers  came  in 
and  asked  if  we  had  any  osciiiators running  at  400  M  Hz.  I  an¬ 
swered  that  i  was  working  on  a  400  M  H  z  receiver.  H  e  asked  me 
to  turn  it  off  H  e  came  back  in  a  few  minutes  and  said,  leave 
that  darned  thing  off  you  are  jamming  our  radar  in  the  pent¬ 
house  and  we  can 't  see  anything  on  the  scope'  That  was  my  first 
experience  with  jamming,  though  it  waspureiyunintentionai. 

Soon  after  the  United  States  entered  the  war,  Lorenzen  and  his 
CO  1 1  eagu  es  were  begu  i  I  ed  by  a  gro  u  p  of  vi  si  ti  n  g  Bri  ti  sh  research  ers  wh  o 
told  of  their  harrowing  jousts  with  the  German  electronics  warriors 
Among  the  most  al  armi  ng  devel  opments  was  the  German  i  ntroduc- 
ti  on  of  gui  ded  weapon ry  i  nto  warfare  U si  ng  radi  o  si  gnal  s  as  i  nvi  si  bl  e 
guides,  the  Germans  could  steer  manned  bombers,  and  later  un¬ 
manned  flying  bombs,  into  strategic  British  target  areas  The  Special 
Devel  opments  Sect!  on  at  NRL  learned  how  their  cohorts  in  England 
had  devel  oped  the  means  to  essenti  al  I  y  bend  the  German 's  gui  dance 
beams  so  asto  steer  the  death-dealing  bombs  into  unoccupied  coun¬ 
tryside 

In  1943,  United  States  forces  first  came  under  attack  with  this 
new  form  of  warfare  when  theGermanslaunched  se/eral  crude  guided 
bombs  agai  nst  U  .S.  shi  ps  operati ng  i  n  the  M editerranean.  After  one 
of  these  bombs,  a  Henschel  293,  missed  and  sank  in  shallow  water, 
the  Navy  retrieved  it  with  the  hope  that  its  scientists  could  develop  a 
means  to  cou  nter  i  t.  Amon  g  th  ose  d  rawn  i  nto  th  i  s  to  p  pri  ori  ty  pro]  ect, 
which  mandated  round-theclock  work  until  the  job  got  done  was 
Lorenzen 's  group.  Lorenzen  recalled  the  experience: 

“This  bomb,  the  H  5-293,  was  ready  a  smaii  guided  aircraft  con- 
troiied  by  radio  signais  The  U.5.  Navy  feit  this  was  a  prime 
threat  to  operations  in  the  M  editerranean.  To  provide  the  Navy 
with  a  coun  ter  for  this  bomb,  a  speciai  project  was  set  up  at  NRL 
and  equipment  was  produced  on  a  'crash  bass'  for  two  destroyer 
escort  ships  the  USS  DAViES  and  jO  N  ES. 
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Lorenzen  and  his  closest  coworkers  at  NRL  developed  receivers 
for  i  ntercepti  ng  the  enenny's  radi  o  gui  dance  si  gnal  s  as  wel  I  as  equi  p- 
mentto  record  and  analyze  those  signals  With  this  information,  an¬ 
other  group  in  the  Special  ProjectsSection,  including  Carl  Miller,  built 
jammers  that  coul  d  confuse  thegl  i  debombs  M  i  1 1  er  I  ater  tol  d  a  chroni- 
cl  er  of  warti  me  countermeasures  work  what  that  j  ob  was  I  i  ke: 

“Building  a  transmitter  to  cover  the  required  band  was  a  bear. 

That  is  oneof  the  most  difficult  frequency  spreads  to  cover.  In  the 
end,  we  managed  it  by  dividing  the  coverage  into  a  couple  of 
bands  We  built  a  series  of  experimental  jammers  that  solved  the 
problems  in  different  ways  We  never  had  any  time  to  test  the 
jammers,  however,  because  aseach  hand-built  set  wascompleted, 
somebody  from  the  Fleet  would  come  and  grab  it  from  thelabora- 
tory.  It  would  behastily  installed  into  oneof  thewardiips  and  off 
it  would  go  to  sea.  We  made  about  five  of  the  jammers  during  the 
summer  and  early  fall  of  1943. 

Inaparticularlyharrowingpartofthis  eff o  it  to  co  u  n  ter  th  e  gu  i  d  ed 
bombs.  Navy  engineers  went  aboard  ships  that  were  newly  equipped 
with  NRL-madesignal  analyzers  The  ships  then  sailed  into  waters 
known  to  be  vulnerable  to  the  new  weapons  Taylor  recounted  what 
came  of  this: 

“h  cting  as  bait  for  a  large  number  of  G  erman  bombs  was  a  nerve 
racking  experience  but  the  operation  paid  off  by  the  acquisition 
of  the  necessary  technical  intelligence  for  the  development  of  a 
practical  counter-device"^^ 

Thi  s  mi  d-war  work  conti  nued  to  yi  el  d  di  vi  dends  i  n  the  war  agai  nst 
Germany.  "DuringtheAllied  invasion  [of  Normandy  in  June  1944], 
N RL-constructed  equipment  successfully  protected  ships  by  giving 
repeated  false  commands  to  thebombsfrom  thedeception  transmit¬ 
ters"  Lorenzen  recalled.^® 

The  retri  eved  H  enschel  293  was  not  the  onl  y  pi  ece  of  enemy  el  ec- 
tronic  warfare  ingenuity  that  was  captured  and  returned  to  NRL  so 
that  the  Special  ProjectsDivison  could  analyzeitand  devise  counter- 
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measures  This  always  made  Lorenzen  oneofthefirstatNRLto  get  a 
look  at  any  new  captured  enemy  equipment.  Toward  the  end  of  the 
war,  he  and  the  N  RL  team  recei  ved  a  I  oad  of  equi  pment  that  had  come 
off  of  a  German  submarine  that  the  Navy  had  captured  off  the  coast 
of  New  England  as  its  cargo  of  spies  was  disembarking.  Among  the 
i  nnovati  onsinthisequi  pment  that  surpri  sed  Lorenzen  was  the  use  of 
tape  recorders  for  stori  ng  data. 

Throughout  the  war,  the  captured  equipment  kept  NRL  and  the 
entire  U.S.  countermeasures  effort  respectful  of  the  enemy's  ingenu¬ 
ity.  "We  continued  to  be  amazed  at  the  German  ingenuity  and  clever, 
rugged  packagingtechniques,"  Lorenzen  recalled.  "What  we  also  saw 
was  the  need  for  broader-coverage  equi  pment  that  woul  d  be  capabi  e 
of  handling  not  just  one  threat  but  a  whole  spectrum  of  threats  oper¬ 
ating  in  any  given  portion  of  the  frequency  spectrum."^®  It  didn't  take 
longfor  his  group  to  have  visions  of  "universal  systems"  for  counter¬ 
ing  any  and  all  threats,  but  efforts  toward  that  sort  of  technological 


The  remains  of  Japanese  radar  installations  like  this  one  were  sent  back 
to  NRL  for  analysis  and  the  development  of  countermeasures. 
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utopia  would  have  to  take  a  back  seat  to  the  need  for  "quick  and 
di  rty"  sol  uti  ons  to  the  stream  of  i  mmedi  ate  threats  assi  gned  to  N  RL 
and  other  countermeasures  researchers  at  other  U  .S.  I  abs 

Lorenzen  remembers  one  such  urgent  request  from  the  Marine 
Corps  as  they  fou^tj  apaneseforces  i  n  the  Pacifi  c  regi  on.  They  needed 
a  rapidly  deployable  radar  jammer.  "We  built  a  simple  'Chick'  jam- 
merin  an  aircraft  flare  tube"  Lorenzen  recounted.  'This  was  a  simple 
jammer  with  a  parachute  to  carry  it  down,  which  would  float  in  the 
water  near  the  transmitter  site  and  continue  to  jam  theradar".2°  In  a 
sense  the  N  RL  team  was  return!  ng  a  favor  to  the  M  ari  nes.  Earl  i er,  i  n 
August  of  1942,  the  Marines  had  unexpectely  recovered  a  Japanese 
early  warning  radar  system  when  they  captured  Henderson  Field  on 
Guadalcanal  in  the  Solomon  Islands.  A.  Hoyt  Taylor,  the  boss  of 
Lorenzen 's  boss,  I  ater  recal  I  ed  what  happened: 

"Thefrequencyofthetransmitter  wasdetermined  from  thename 
plate  and  the  information  cabled  to  NRL.  Within  three  weeks 
our  engineers  working  in  around-the-clock  shifts  had  devised  a 
suitable  jamming  device  and  a  frequency  analyzer  which  could 
detect  signals  from  similar  Japanese  transmitters  These  counter¬ 
measures  were  shipped  by  air  for  immediate  use  in  the  Pacific. 

Al  I  of  these  el  ectroni  c  countermeasures  were  among  the  I  eadi  ng- 
ed  ge  tech  nologiesoftheday.Theycameintheformofvariousshaped 
antennae  wi  res,  cabi  es  and  racksof  el  ectroni  c  boxes  I  oaded  with  gl  ow- 
ing  vacuum  tubes,  resistors,  and  other  electronic  components  The 
boxes  were  covered  with  a  variety  of  dials  scopes,  knobs  switches, 
and  sockets  on  the  outsi  de 

One  of  the  more  remarkable  and  most  feared  countermeasures 
of  the  war,  however,  was  a  decidedly  low  technology  type  first  devel¬ 
oped  in  England.  TheBritish  called  itWindow.  Americans  cal  led  theirs 
chaff.  The  Germans,  from  whom  the  si  mpl  e  pri  nd  pi  e  of  thi  s  counter¬ 
measure  could  not  behidden,  called  itDueppel.^^ 

Early  chaff  consisted  of  multitudes  of  metal  foi  I  stri  ps  or  metal - 
I  ized  paper  that  were  cut  or  bent  to  specific  di  menaons  correspond- 
i  ng  to  the  frequency  (or  wavel  ength)  of  the  radar  systems  they  were 
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madeto  fool.  Thousands  of  these  werethen  bound  together  into  pack¬ 
ets,  which  werethen  ejected  fronn  planes  by  hand,  or  later  fronn  auto- 
mati  c  dispensers  To  radar  operators,  the  cl  ouds  of  si  owly  descend!  ng 
chaff  appeared  as  additional  blips  So  a  cheap  packet  of  metal  strips 
you  could  hold  in  your  hand  could  appear  to  radar  operators  I  ike  a 
bomber  or  someti  mes  even  I  i  ke  a  ful  l-fl edged  destroyer.  The  decep- 
ti  ve  power  of  these  metal  pi  eces  resi  ded  i  n  the  physi  cal  fact  that  radar 
reflected  from  them  with  disproportionate  vigor  because  the!  r  care¬ 
fully  chosen  physical  dimensions  essentially  tuned  them  to  be  opti¬ 
mal  reflectors 


Ejected  from  an  airplane,  a  package  of  50  of  these  aluminum  foil  strips,  called  chaff 
or  Window,  would  produce  a  radar  echo  equal  to  that  of  several  bombers. 


When  British  researchers  first  developed  Window,  they  were  so 
amazed  at  its  deceptive  power  that  neither  they  nor  the  other  Al I  ies 
dared  use  it  i  n  batti  e  for  fear  of  gi  vi  ng  away  the  store  to  the  enemy. 
Once  those  little  metal  strips  did  their  job,  they  would  fall  to  the 
ground.  Onelookatthem  by  an  enemy  radio  or  electronics  scientist 
of  even  medi  ocre  talent  and  thesecret  would  beout.  Unbeknownst  to 
the  Allies,  however,  the  Germans  had  already  happened  onto  their 
own  versi  on  of  Wi  ndow.  They,  too,  feared  that  usi  ng  the  countermea¬ 
sures  al  most  certai  niy  entai  I  ed  I  osi  ngthe  monopoly  they  thought  they 
had.  So  they  too  dared  not  use  it. 

The  hoi  d  on  chaff  ended  i  n  December  1943  when  the8‘''  Ai  r  Force 
fi  rst  put  it  to  use  By  the  spri  ng  of  1944,  ai  rmen  woul  d  measure thei  r 
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monthly  consumption  in  several  hundreds  of  tons^^  Window  and 
chaff  and  Dueppel  would  fall  from  the  sky  with  great  effect  during 
the  all -out  invasion  at  Normandy  This  low-tech,  high-concept  coun¬ 
termeasure  has  never  disappeared.  Si  nee  Wo  rid  War  1 1,  it  hasspawned 
rather  sophisticated  variations  on  the  original  themes  and  research- 
ersin  NRL's  Tactical  Electronic  Warfare  Division  have  made  an  inter¬ 
national  name  for  themselves  by  consistently  pushing  the  envelope 
of  chaff  technology. 

NRL  wartime  work  in  electronic  countermeasures  became  the 
equivalent  of  a  new  chromosome  that  thereafter  would  i  nfl  uencethe 
Laboratory's  character  and  evolution.  Howard  Lorenzen  later  assessed 
the  aftermath  of  the  Laboratory's  warti  me  countermeasures  research 
for  a  mi  I  itary  histori  an: 

"After  the  war,  the  group  grew  qui  ckl y,  especi al  I y  once  the  Col  d 
War  started.  We  became  the  technical  arm  of  the  Navy  for  electronic 
warfare  Oncetheorganization  attained  departmental  status  [at  NRL], 

I  was  made  head  of  the  department.  But,  it  can  al  I  be  traced  back  to 
the  work  we  di  d  i  n  the  war."^^ 

Today,  N  RL'sTacti  cal  El  ectron  i  c  Warfare  Division  works  onamind- 
boggling  portfolio  of  research  that  has  evolved  from  its  WWII  roots 
along  with  a  half-century  of  progress  in  sensors*  electronics,  comput¬ 
ers,  and  information  and  communications  technologies 

AntisubmarineWarf^e— The  U-Boat  Menace 

As  th  e  si  I  en  t  war  of  th  e  el  ectro  magi  eti  c  beams  was  goingonabove 
thelandandsea,anothersetofmilitarytechnologybattles  was  bei  n  g 
waged  underwater.  At  NRL,  this  was  the  domain  of  the  Sound  Divi¬ 
sion,  the  lesser  known  fraternal  twin  of  the  Radio  Division. 

When  U .S.  N avy shi ps i n  Pearl  H arbor  began  shatter! ng and  sink¬ 
ing  under  the  onsi  aught  of  J  apanese  bombs  and  torpedoes  the  FI  eet 
was]  ust  begi  nni  ngto  expl  oit  underwater  acousti  c  detect!  on  techni  ques, 
that  is  sonar.  In  addition,  during  the  days,  weeks,  and  months  that 
fol  I  owed  the  attack,  German  submari  nes  were  regul  arl  y  spotted  from 
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U  .S.  coastl  i  nes  Tens  of  U  .S.  merchant  shi  ps  were  sunk  each  month; 
somdti  mes  coastl  i  nes  were  stai  ned  with  oi  IssI  i  cksfrom  destroyed  tank- 
ers25 

On  both  sides  of  the  Atlantic,  Nazi  U-boats  wereoverwhelmingly 
winning  the  "sink  or  be  sunk"  contest;  in  1941,  U-boats  sank  1,118 
ships  while  the  Allies  sunk  only  30  German  U-boats  as  well  as  five 
Italian  submarines  After  the  United  States  entered  thewar,  merchant 
ship  losses  averaged  75  per  month  whileU-boats  were  sinking  at  the 
rate  of  only  3  per  month.^® 

At  thi  s  earl  y  stage  of  Ameri  can  i  n  vol  vement  i  n  the  war,  the  BattI  e 
of  the  Atl  anti  c  was  bei  ng  I  ost.  And  of  every  100  U-boats  that  Al  I  i ed 
ships  detected,  95  got  away^^  The  Pacific  was  no  safe  haven  either. 
J  apanese  subs  I  urki  ng  i  n  the  waters  of  Far  East  were  si  n ki  ng  an  aver¬ 
age  of  10  Ameri  can  merchant  sh  i  ps  per  month . 

The  submarine  was  so  menacing  that  the  United  States  quickly 
assembled  an  enormous!  nfrastructure  of  research  with  aspecificmis- 
si  on  to  stop  the  earn  age  wrought  by  the  submarines  More  than  a  year 
before  thej  apanese  attack  on  Pearl  Harbor,  the  National  Defense  Re¬ 
search  Committee  had  begun  work  to  counter  this  threat  by  recruit- 
ing  scientists  and  engineers,  mostly  from  academia,  to  the  arena  of 
underwater  acousti  c  warfare  When  the N  azi  stook  France  i  n  J  une  1941, 
Dr.  Vannevar  Bush,  President  of  the  Carnegie  Institution,  used  the 
N  DRC  as  a  model  to  create  a  more  encompass!  ng  coordi  nati  ng  body 
known  astheOfficeof  ScientificResearch  and  Development.  By  1945, 
theOSRD,  with  NDRC  asasuborganization,  had  recruited  over 32,000 
scientists  and  engineers;  2,500  of  them  were  employed  in  NDRC's 
Division  6,  "Undersea  Warfare" 

Like  their  NRL  brethren  intheRadio  Division,  the  paltry  batch  of 
15  researchers^®  in  the  Sound  Division  found  themselves  part  of  a 
rapidly  expanding  research  and  development  mission.  At  least  42 
companiesand  25  col  leges  and  universities  would  ultimatelyjointhe 
sonar  program.  Well-known  centers  of  ocean  research,  including  the 
Woods  Hole  Oceanographic  Institute  on  Cape  Cod  and  the  Seri pps 
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Institution  of  Oceanography  in  San  Diego,  joined  thefray.TheNDRC 
estabi  i  shed  enti  rel y  new  I  aboratori  es  at  vari  ous  i  nsti tuti  ons  wi th  mi s- 
si  ons  rangi  ng  from  studyi  ng  the  theoreti  cal  aspects  of  sonar  to  test- 
ing,  evaluating,  and  calibrating  newly  designed  equipment. 

NRL'sSound  Division,  which  until  the  beginning  of  WWI I  practi¬ 
cally  had  constituted  the  Navy's  entire  store  of  sonar  research  and 
development,  become  a  minuscule  component  of  wartime  sonar  re¬ 
search.  Yet  its  value  was  disproportionate  to  its  size  A  1946  booklet 
prepared  by  the  Offi  ce  of  the  Chi  ef  of  N  aval  0  perati  ons  to  descri  be 
what  was  then  the  declassified  part  of  the  sonar  development  story 
assessed  NRL'srolein  this  way:  "The  equipments  [sic]  developed  at 
NRLin  conjunction  with  the  Bureau  of  Ships  Sonar  Section  and  pro¬ 
gressively  installed  in  Naval  vessels  during  peacetime  constituted  the 
primary  sonar  techniques  which  were  employed  throughout  World 
War  II. "29 

TheJK  and  QB  sets  were  part  of  this  set  of  techniques  TheJKs 
were  passi  ve  I  i  sten  i  ng  detecto  rs  wi  th  pi  ezoel  ectri  c  Rochel  I  e-sal  t  crys¬ 
tal  s  as  the  sensing  elements  (see  Chapter  3).  Under  normal  condi¬ 
tions,  they  could  detect  submarines  up  to  5  miles  away  and  with  bear- 
i  ng  accuracies  with i  n  a  few  degrees  The  echo-rangi  ng  QBs  were  es¬ 
sential  ly  a  combination  of  the]  K  listening  sonar  with  a  sound  trans¬ 
mitter  that  also  was  based  on  the  Rochel  I  e-salt  crystal  s2° 

The  external  equi  pment  for  the  standard  sonar  systems  i  ncl  uded 
a  spherical  housing  made  of  rho-c,  the  rubber  material  that  B.F. 
Goodrich  scientists  developed  with  Elias  Klein  as  part  of  his  effort 
within  the  Sound  Division  to  design  a  better  protective  housing  for 
the  water-sol  ubi  e  Rochel  I  e  salt.  I  nsi  de  went  the  J  K  or  Q  B  equi  pment 
i  mmersed  i  n  castor  oi  I ,  whi  ch  has  pretty  much  thesameacousti  c  char- 
acteri sties  as  sea  water  without  the  nasty  habit  of  dissoivi  ng  the  crys¬ 
tals  By  1933,  the  Submarine  Signal  Company  of  Boston  was  produc¬ 
ing  much  of  the  Navy's  sonar  gear  and  the  Washington  Navy  Yard, 
j  ust  a  few  mi  I  es  upstream  from  N  RL  on  the  other  si  de  of  the  Anacosti  a 
River,  was  installing  them  into  Navy  vessels 
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The  U-boat3  of  World  War  II  were  faster,  quieter,  and  deeper  run¬ 
ning  than  their  WWI  predecessors  So  despite  the  efforts  of  NRL's 
Sound  Division,  British  researchers attheAdmiralty Research  Labora¬ 
tory,  and  others  sonar  technology  and  general  antisubmarine  war¬ 
fare  techniques  rennained  in  desperateneed  of  improvement.  The  mis¬ 
erable  score  during  the  Battle  of  the  Atlantic  throughout  1942  was 
the  most  tragic  and  obvious  sign  that  something  had  to  be  done 
I  n  an  N  RL  report  I  ate  i  n  theyear,  H  arvey  H  ayes  superi  ntendent  of 
theSound  Division,  reflected  the  dire  situation  in  these  words: 

"The  conclusion  is  reached  that  we  are  loang  the  present  anti¬ 
submarine  war  by  such  a  large  margin  that  measures  should  be 
immediately  taken  to  outline,  codify  and  put  into  action  a  more 
effective  antisubmarine  program. 

More  than  merelystatingtheproblem,  Hayes  recommended  spe¬ 
cific  tactics,  including  dropping  a  series  of  rapidly  sinking  munitions 
such  as  contact  and  proximity  depth  charges  instead  of  theslow  sink¬ 
ing  pressure-fuzed  depth  charges 

These  and  other  responses  to  the  submarine  problem  began  hav¬ 
ing  positive  effects  for  the  Allies  in  1943.  By  then,  radio  direction 
finders  could  pick  up  submarine  transmissions  and  then  send  radar- 
equipped  planes  to  pinpoint  the  U-boats  If  the  U-boats  submerged 
to  shrugofftheradarsurveillance,  then  the  planes  could  drop  Radio- 
Sono  buoys  that  would  send  out  radio  alerts  to  sonar-equipped  (or 
the  British  equivalent.  Asdic-equipped)  ships  to  zero  in  for  the  kill. 
Besides  the  continual  improvement  of  radar  and  sonar  technology, 
theundersea  warfare  researchers  werecomingup  with  all  manners  of 
gadgetry.  There  were  visual  ai ds  I i  ke  the  "Beari  ng  Devi ati on  I  ndi ca- 
tor"  that  hel  ped  sonar  operators  ai  m  the  equi  pment  more  effecti  vel  y. 
A  "Maintenance  of  True  Bearing"  incorporated  a  gyro  to  keep  sonar 
beams  di  rected  on  U-boats  even  as  the  fleeing  or  pursuing  ship  un¬ 
derwent  compi  icated  maneuvers  and  turns 

Other  developments  also  helped  put  U-boats  on  the  run:  better 
convoyi  ng  methods  a  growi  ng  understand!  ng  of  how  ocean  tempera¬ 
ture  affects  the  ability  of  U-boats  to  hide  and  more  capable  sonar 
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equipment.  In  1943,  the  Allies  lost  598  ships,  butthey  sank  219  U- 
boats,  22  Italian  subs,  and  22Japanesesubs^2 

J  ust  as  i  n  the  worl  d  of  electroni  c  countermeasures,  thesubmari  ne 
warfaring  community  was  developing  countermeasures.  For  subma¬ 
rines,  theequivalentof  chaff  was  to  release  packets  of  chemicals  that 
generated  regi  ons  of  bubbi  es,  whi  ch  appeared  as  phantom  echoes  on 
sonar  equipment.  To  divert  sound-seeking  torpedos,  ships  towed 
sound-generating  decoys  behind  them.  NRL  had  its  hands  in  all  of 
these  efforts 

I  n  thesummer  of  1944,  theGermans devel  oped  an  al  armi  ng  coun¬ 
termeasure— called  the  Schnorchel— that  made  them  far  less  vulner- 
abl  eto  detect!  on  vi  a  eye  or  radar.  As  its  name  might  i  mply  today,  the 
Sch  n  0  rch  el  was  a  stack  th  at  co  u  I  d  exten  d  to  th  e  su  rf  ace  whilethesub- 
mari  ne  as  a  whol  e  remai  ned  at  periscope  depth.  It  meant  that  the  U- 
boat  could  expel  diesel  exhaust  and  draw  in  fresh  air  to  replenish  its 
batteries  under  much  more  stealthy  conditions  "Effectively,  the 
Schnorchel  had  neutralized  our  antisubmarine  air  offensive  and  de¬ 
feated  oursurfacedetection.  But,  whether  schnorchel  ling,  submerged, 
or  bottomed— the  Asdic-Sonar  teams  detected  and  located  the  U- 
boats,"  stated  a  1946  Navy  Department  account  of  the  sonar  story. 
Help  came  also  from  the  development  of  microwave-based  radar, 
whi  ch  coul  d  detect  smal  I  er  obj  ects  more  readi  I  y  than  the  I  onger-wave- 
I  ength  radar  systems 

The  1944  sea  warfare  box  score  tel  I  s  a  I  ot:  134  Al  I  i  ed  sh i  ps  were 
sunk  but  Allied  forces  killed  202  U-boats  and  51  Japanese  subma- 
ri  nes  The  Al  I  i  es  had  turned  the  ti  de  of  the  BattI  e  of  the  Atl  anti  c.  I  n  a 
secretbutintercepted  communique;  Grand  Admiral  Karl  Doenitz,the 
man  in  charge  of  all  Nazi  naval  operations  during  the  war,  could  not 
have  more  gloriously  congratulated  the  efforts  of  his  enemy's  under¬ 
sea  warfare  researchers  if  he  were  their  mother.  Said  Doenitz: 

"For  some  months  past,  the  enemy  has  rendered  the  U  -boat  inef¬ 
fective.  H  e  has  achieved  this  object,  not  through  superior  tactics 
or  strategy,  butthrough  his  superiority  in  the  fieid  of  science:  this 
finds  its  expression  in  the  modern  battie  weapon:  detection.  By 
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this  means  he  has  torn  our  sole  offeisive  weapons  in  the  war 
against  the  Anglo-Saxons  from  our  hands  It  is  essential  to  vic¬ 
tory  that  we  make  good  our  scientific  disparity  and  thereby  re¬ 
store  to  the  U  -boat  its  fighting  qualities 

With  innovationslike  the  Schnorchd,  German  engineers  tried  to 
make  good  on  the  Grand  Admi  ral 's  entreaty,  but  not  before  the  mo¬ 
mentum  of  warfare  had  swung  i  nexorabi y  i  n  favor  of  the  Al  I  i  es 

Building  44:The  U  nspeakable  Specter  of  Gas 

Though  not  nearly  as  big  as  the  Radio  Division,  which  was  an 
elephant  among  mice  and  cats,  the  Chemistry  Division  grew  during 
warti  me  at  a  faster  rate  than  any  other  di  vi  si  on  at  the  Laboratory.  By 
1945,  it  had  grown  from  a  prewar  staff  of  about  two  dozen  to  a  strength 
of  about  200  researchers  distributed  amongst  10  sections  occupying 
four  fully  equipped  buildings 

There  was  a  lot  of  troublesome  chemistry  going  on  in  the  Navy 
Metal  was  corrodi ng.  Fuel  was  spoiling.  Torpedo  batteries  were  not 
powerful  enough.  There  were  not  enough  solid  sources  of  oxygen  to 
meet  the  demands  of  submarines  Optical  surfaces  on  gunsightswere 
fogging  up.  When  word  of  such  problems  came  in,  chemists  in  the 
Corrosion  Section  or  Fuel  Section  (later  called  branches)  were  tasked 
to  comeup  with  solutions  which  they  did  in  theform  of  such  inno¬ 
vations  as  corrosion-inhibiting  paint  pigments  or  befogging  agents 
Those  in  the  Physical  Organic  Section  developed  several  "chemical 
noisemakers, "  which  werethesubmariners'equivalenttotheairmens' 
chaff.  When  ejected  from  submarines,  these  substances  simulated 
propeller  and  engine  sounds  thereby  I uri ng  German  acoustic  hom- 
i  ng  torpedoes  harmi  essi  y  away  from  thei  r  i  ntended  targets 

Chemistsin  theSpecial  Research  Section  completed  a  grab  bag  of 
projects  I  eadi  ng  to  a  number  of  I  ifesavi  ng  i  nnovati  ons.  Among  them 
were  "Sea  M  arker"  and  "Shark  Chaser,"  whi  ch  became  part  of  survi  val 
kits  for  thousands  and  thousands  of  U.S.  airmen  and  sailors  The 
chemi  cal  heart  of  "Sea  M  arker"  was  the  fl  uorescent  dye  sodi  um  fl  uo- 
rescei  n,  whi  ch  woul  d  spread  out  and  gl  ow  around  a  shi  pwrecked  sea- 
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man  thereby  marking  his  iocation  for  rescue  vesseis.  "Shark  Chaser" 
was  a  cocktaii  of  oifactory  and  ocuiar  irritants  designed  to  repei 
sharks 

TheChemicai  Protection  Section  was  born  of  terror.  Aithough  vio- 
ient  death  by  any  means  isawfui  to  contempiate;thedeadiychemicai 
attacks  of  Wori  d  War  I  h  ei  d  a  speci  ai  power  to  i  nsti  i  i  fear.  1 1  was  th  e 
German  mi  i  itary  that  i  ntroduced  i  arge  scai  e  chemi  cai  warfare  duri  ng 
Worid  War  I  during  which  5,000  soidiersiost  their  iives  in  ayeiiow- 
green,  ground-hugging cioud  of  chiorinegas  In  1917,  in  thetrenches 
of  Ypres,  Belgium,  the  Germans  unleashed  a  blistering  agent,  sulfur 
mustard.  It  worked  by  absorption  through  the  skin  so  not  even  a 
good  gas  mask  would  serve  as  protection. 

Sulfur  mustard  caused  four  hundred  thousand  casualties  during 
theGreatWar.^®  Whatwasto  stop  the  Nazisfrom  usingchemical  weap¬ 
ons  on  the  new  fronts  of  World  War  II?  Indeed,  there  were  reports 
early  during  World  War  II  that  the  Germans  and  Poles  had  used  mus¬ 
tard  gas  agai  nst  each  other. 

When  the  war  broke  out,  H  omer  Carhart  was  a  27-year-ol  d  chem¬ 
ist  in  anew  teachingjob  at  Gallaudet  University,  aschool  forthedeaf 
in  Washington,  DC.  Hegotacall  from  Bill  Williams  of  NRL'sProtec- 
tive  Chemistry  Branch.  Williams  had  been  an  instructor  at  the  Uni¬ 
versity  of  Maryland  when  Carhart  was  a  graduate  student  there 
Carhart,  now  unmistakable  for  his  waxed  handlebar  mustache  and 
straight-to-thecore  clarity,  quickly  joined  the  effort  on  a  crash  pro¬ 
gram  to  develop  defensive  measures  agai  nst  chemi  cal  weapons  should 
the  enemy  add  them  to  its  roster  of  weapons 

"These  preparati  ons  i  ncl  uded  theestabi  ishment  of  secret  research 
programs  to  develop  better  protective  clothing  for  the  troops  and  to 
i  nvesti  gate  oi  ntments  and  sal  ves  that  mi  ght  be  effecti  ve  at  reduci  ng 
the  blistering  effects  of  sulfur  and  nitrogen  mustard  (collectively 
termed  mustard  agents)  and  lewisite;  an  organic  arsenic-containing 
compound  that  shared  some  properties  with  mustard  agents"  accord- 
ingto  a  1993  book-length  report  by  the  Institute  of  Medicine  which 
had  established  a  committee  to  investigate  the  wartime  research  into 
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chemical  agents  and  protection  and  the  effect  of  this  work  on  some 
60,000  human  subjects,  nearly  2,500  of  whom  were  tested  at  N 
After  Worl  d  War  I ,  the  U  .5.  mi  I  i  tary  consol  i  dated  vi  rtual  I  y  al  I  re¬ 
search  or  production  work  involving  chemical  warfare  agents  within 
the  Chemical  Warfare  Service  at  the  Army's  Edgewood  Arsenal  in 
Maryland.  When  war  broke  out  in  Europe  in  1939  and  U.S.  neutral¬ 
ity  appeared  less  stable  in  the  next  two  years,  the  National  Defense 
Research  Committee  and  the  Committee  on  Medical  Research,  an¬ 
other  high-level  wartime  panel  for  coordinating  crucial  research,  or¬ 
ganized  a  much  larger  and  expanded  chemical  warfare  research  pro¬ 
gram.  The  enti  re  Al  I  i  ed  research  effort  i  n  th i s  area  was  conducted  i  n 
more  than  a  dozen  sites,  at  least  nineof  which  included  the  construc¬ 
tion  of  gas  chambers  i  n  which  human  subjects  in  experimental  pro¬ 
tective  clothing  could  be  exposed  to  chemical  warfare  agents 

N  RL  became  a  key  part  of  this  crash  effort.  H  omer  Carhart,  who 
remai  ns  cl  osel  y  connected  to  the  Laboratory  as  a  sen!  or  sci  enti  st  emeri  - 
tus,  began  hisNRLcareerintheheartofthiscontroversial  research. 

Although  crucial,  the  research  was  troublesome  from  the  start. 
Carhart  recalls  his  own  personal  run-i  ns  with  theagents  he  was  mak¬ 
ing  or  using:  "Wewereworkingwith  live  agents,  mostly  mustard,  and 
occasionally  we  hurt  ourselves,  got  burned.  I  was  doing  some  work 
on  phosgene  onetime  and  got  an  overdose  of  it  and  couldn't  talk  for 
several  days  because  of  the  problem  it  created  in  the  bronchial  area 
and  thelungs"^® 

N  ot  al  I  of  hi  s  exposure  was  acci  dental .  Carhart  expl  ai  ns: 

"  I  n  wo  rki  n  g  wi  th  th  ese  th  i  n  gs  an  d  worki  n  g  wi  th  protect!  ve  agents 
oneofthethingsthatl  did  was  I  started  to  use  myself  as  a  guinea  pig 
to  see  if  I  could  develop  neutralizing  agents . . .  There  were  a  lot  of 
things  we  tried,  so  it  was  not  unusual  for  me  to  be  walking  around 
with  a  bunch  of  bl  isters  on  my  arms"^® 

Even  after  Dr.  Borgstrom,  the  Chemistry  Division's  Superinten¬ 
dent,  saw  these  wounds  and  threatened  to  fi  re  Carhart  if  he  conti  n- 
ued  the  practice  Carhart  persisted.  "I  finally  used  myself  as  a  guinea 
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pigalittletoo  much  and  became  sensitized,  so  that  I  wasno  longer  a 
good  guinea  pig,"  herecalled.'‘°  He  wore  long-sleeved  shirts  to  hide 
th i s  practi  ce  from  Borgstrom. 

Young  Carhart  would  raise  Borgstrom's  ire  on  another  occasion, 
though  hewould  blametheweatherforthisone  As  Carhart  recallsit, 
Borgstrom  arrived  at  the  Laboratory  early  one  morning  and  caughta 
strongwhiff  of  what  he  knew  from  prior  research  experience  was  sul¬ 
fur  mustard.  He  promptly  closed  down  the  building.  When  Carhart 
showed  up  for  work,  he  was  the  usual  suspect.  "Theydidn'tknowif  I 
had  spilled  the  damn  stuff  or  what  the  hell  was  going  on,"  Carhart 
recalls^^  Itturns  out  that  there  was  an  atmospheric  pressure  inversion 
the  prior  night.  As  Carhart  sees  it,  this  condition  overwhelmed  the 
less-than-good  hood  under  which  he  had  been  making  his  own  sul¬ 
fur  mustard  to  substitute  for  the  i  ntol  erably  i  mpure  supply  that  had 
been  aval  I  abl  e  from  other  sources 

"That  got  the  ball  rollingtogivethechemical  group  itsown  build¬ 
ing,"  said  Carhart.  Within  a  few  months  Building  44  had  been  de¬ 
signed  and  builtspecificallyfor  chemical  warfare  research.  Itwasone 
story  tall  with  "damn  good  hoods  in  it,"  and  faci  I  itiesfor  making  and 
supplyingtheactiveingredient(achloramide)  in  all  Navy-issueoint- 
mentsaswell  as  the  impregnated  charcoalsused  in  all  Navy  gas  masks 
Two  other  significant  facts  about  Bui  I  ding  44  characterized  its  research: 
it  was  not  built  on  the  grounds  of  NRL,  but  rather  just  south  on  the 
grounds  of  the  Blue  Plains  Sewage  Plant;  and  Building  44  included 
one  of  the  country's  fi  rst  chambers  desi  gned  for  human  testi  ng.^^ 

In  the  wartime  context,  knowing  with  confidence  what  your  pro¬ 
tective  clothing  can  and  cannot  do  for  you  during  chemical  attacksis 
imperative  for  crucial  decisions  on  levels  all  the  way  down  to  indi¬ 
viduals  making  immediate  life-and-death  decisions  and  all  the  way 
up  to  the  highest  levels  of  military  planning  where  the  entire  war 
coul  d  be  won  or  I  ost.  I  n  the]  udgment  of  those  coordi  nati  ng  and  do¬ 
ing  the  chemical  warfare  research,  human  testing  was  a  necessity,  not 
a  luxury.  There  seemed  to  be  no  time  for  weighing  the  impossibly 
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murky  and  troubi  esome  ethi  cs  unavoi  dabi  y  I  i  nked  to  any  potenti  al  I  y, 
even  probably  dangerous  regimen  of  human  test!  ng  even  though  the 
intention  isto  save  lives  in  the  long  run.  Indeed,  NRL  and  the  other 
research  centers  then  doi  ng  human  testi  ng  woul  d  undergo  ful  I  i  nves- 
ti  gati  ons  a  half-century  after  thefact  when  they  became thefocus  of  a 
class-action  suitand  a  hi  ^  level  investigation  bythelnstituteof  Medi¬ 
ci  ne^^ 

But  faced  with  an  i  mmi  nent  WWI I  chemical  threat,  NRL's  chemi¬ 
cal  warfaregroup  felt  they  had  ajobto  do.  Under  the  auspices  of  the 
NRDC  and  the  OSRD's  Committee  on  Medical  Research,  NRL  made 
arrangements  for  trai  nees  at  the  N  avy  boot  camp  i  n  Bai  n  bri  dge  M  ary- 
land,  to  come  to  the  Laboratory  to  serve  as  subjects  Between  1943 
and  1945,  sailors  who  had  volunteered  for  the  research  detail  arrived 
at  the  Laboratory  at  regular  intervals  In  time;  their  total  numbers 
would  approach  2,500.'*'^  Most  of  these  sailors  were  slated  for  immi¬ 
nent  duty  in  the  Pacific  where  they  knew  many  among  them  would 
never  return  alive  Carhartrecallsoneofthemotivations  of  these  men 
for  comi  ngto  N  RL:  "They  were  si  tti  ng  i  n  theoutgoi  ng  unit,  waiti  ngto 
be  sent  to  the  South  Pacific,  question  mark  about  comi  ng  back.  Now, 
they  had  a  chance  to  stay  in  the  United  States  for  sometime  longer, 
several  weeks  certainly,  and  to  have  some  more  liberty,  some  more 
time  free  It  had  its  appeal. 

Many  of  these  subjects  underwent  patch  tests  This  usually  en¬ 
tailed  exposureofoneor  several  spotsontheirarms  to  warfare  agents 
that  had  been  dissolved  in  solvents  before  or  after  applications  of 
some  hopefully  protective  ointment  formulation  of  unknown  effec¬ 
tiveness  At  NRL,  medical  doctors  assigned  to  the  project  monitored 
the  men  and  made  photographic  records  of  the  results 

M  any  of  thesubj  ects  underwent  the  more  extensi  ve  chamber  tests 
Simplemilitary  logic  might  justify  thetests  As  Carhart  stated  it,  "If 
we  could  put  people  into  a  chamber  with  war  gas  and  protect  them, 
they  would  be  protected  in  the  field. 

According  to  an  investigation  bythelnstituteof  Medicinein  the 
1990s,  a  major  goal  of  these  nationwide  studies  was  to  determine 
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"how  long,  under  what  conditions  of  tennperature  and  under  what 
concentrations  of  gas,  would  chi  oramide-  or  activated  carbon-impreg¬ 
nated  clothing  afford  protection  of  personnel  against  chemical  attack 
wi th  vesi  cants  [ bl  i steri  ng  agents] 

The  typical  test,  often  known  as  a  "man-break"  test,  was  as  fol¬ 
lows  Men,  garbed  in  various  preparations  of  protective  clothing,  en¬ 
tered  a  chamber  where  they  were  exposed  to  measured  quantiti  es  of 
gas  of  usuallyone  hour  duration.  AtNRL,  chemist  Bill  Taylor  and  his 
coworkers  regularly  monitored  the  concentrations  of  the  agents  by 
conti  nuous  sampi  i  ng  the  chamber  ai  r  duri  ng  the  tests  Twenty-four 
hours  after  the  exposure  medi  cal  professi  onal  s  i  n  the  N  av/s  Bureau 
of  Medi  cine  and  Surgery,  who  had  legal  responsibility  for  the  tests 
examined  the  men  for  any  physiological  evidence  such  as  redness  or 
blisters,  that  war  gas  had  penetrated  the  protection.  If  not,  the  sub¬ 
jects  would  undergo  additional  exposures  every  day  or  every  other 
day  until  they  did  show  such  signs'^® 

The  first  tests  were  alarming,  Carhart  recalls  They  showed  how 
poor  the  standard  Navy  issue  protective  clothing  was  For  one  thing, 
theclothinghad  poorshelf  life  The protectivecompound  inthiscloth- 
ing,  from  a  chemical  class  known  as  chi  oramide  had  slowly  been 
decomposing,  yielding  acidic  compounds  that  were  eating  up  the 
cotton  of  the  clothing.  Carhart  recalls  pi  eking  up  some  of  these  suits 
and  getting  handfuls  of  shreds  Moreover,  chi  oramide  afforded  pro¬ 
tection  against  sulfur  mustard  and  lewisite  but  littleor  none  against 
nitrogen  mustard."^® 

The  preparation  of  the  standard  suits  had  additional  problems 
N  ot  onl  y  di  d  it  i  nvol  ve  organic  sol  vents  that  earn  ed  thei  r  own  toxi  ci- 
ties,  but  it  involved  a  binding  agent  that  became  gooey  and  wasitself 
a  skin  irritant.  Thisyielded  very  uncomfortable  gear.  These  werejust 
some  of  the  probi  ems  that  sent  the  N  RL  team  i  nto  the  I  aboratory  to 
find  ways  to  stabilizetheexistingchloramides  to  develop  alternative 
chi  orami  desand  other  protective  materials  that  could  disarm  theni- 
trogen  mustards,  and  to  fi  nd  better  ways  of  actual  I y  maki  ng  and  pre¬ 
paring  the  clothing. 
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Along  the  way  to  this  goal,  theNRL  chemists  and  collaborators 
came  u  p  wi  th  several  protect!  on  tech  n  i  q u es  th at  n  ever  h  ad  to  be  used . 
Carhart  recal  I s  some  of  them.  "We  devel  oped  a  I  itti  e  package  devi  ce 
over  here  so  a  sailor  could  actually  take  his  ordinary  clothing,  and 
take  his  hel  met,  put  water  i  n  the  darn  thi  ng,  and  put  this  I  ittI  e  pack¬ 
age  in  I  ike  dry  soup,  and  make  a  mix  of  the  darn  stuff,  and  put  it  on 
hisclothing.  It'ssurprising  what  good  protection  thestuff  gave  We 
devel  oped  systemsso  you  could  use  field  laundries,  ortheship'slaun- 
dry,  and  use  the  laundry  as  a  method  of  impregnating  the  clothing 
and  protecting  the  people"^° 

One  of  the  most  important  contributions  that  Carhart  remem- 
bersNRL  makingto  thechemical  warfare  research  effort  was  to  incor¬ 
porate  the  protect!  ve  pri  nd  pi  e  of  gas  masks  i  nto  the  quest  for  better 
protecti  ve  cl  oth  i  n  g.  Th  e  way  th  e  gas  masks  wo  rked  was  to  f  o  rce  ai  r  to 
pass  through  a  mass  of  extremely  porous  carbon  before  getting  in¬ 
haled.  Along  the  way,  most  organic  molecules,  which  is  a  large  class 
of  compounds  including  the  then  known  chemical  warfare  agents, 
sti  ck  to  the  adsorbent  carbon  rather  than  conti  nui  ng  on  the  ai  r  fl  ow 
into  a  masked  person's  lungs  "We  worked  with  the  i ndustry  to  de¬ 
velop  different  ki  nds  of  carbon  cl  othi  ng,"  Carhart  recal  I  s^^ 

The  result  of  collaborations  with  fiber-manufacturing  companies 
was  the  development  of  a  new  material  that  was  a  carbon-impreg¬ 
nated  rayon,  which  could  be  woven  into  protective  garments  Thetask 
involved  many  engineering  problems  not  the  least  of  which  was  to 
check  the  damage  to  the  spi  n  nerets  wrought  by  the  ti  ny  abrasi  ve  car¬ 
bon  parti  cl  es,  wh  i  ch  pocked  the  fi  bers'  surfaces  I  i  ke  stones  on  a  rope 
of  cl  ay.  This  work  was  so  cutting  edge  and  of  such  high  priority  that  it 
cameto  involveoneoftheworld'snewest,  most  promising,  and  vastly 
undersupplied  materials— nylon.  It  turns  out  that  the  additional  car¬ 
bon  weakened  the  rayon  fibers,  but  by  weaving  the  modified  rayon 
with  nylon,  fabrics  of  sufficient  strength  could  be  made  DuPont  had 
introduced  nylon  commercially  in  1939  but  when  the  war  broke  out, 
the  War  Department  labeled  it  as  a  strategic  material.  It  was  strong 
enough  to  substitutefor  silk  in  parachutes  and  for  making  tire  cords 
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Nylon  for  nonmilitary  uses  was  rare  and  coveted.  "A  pair  of  nylon 
stockings  could  buy  anything,"  Carhart  recalls^^ 

The  carbon-i  mpregnated  text!  I  ethe  N  RL  chenni  sts  hel  ped  devel  op 
mi  ght  have  saved  many  I  i  ves  had  WWI I 's  batti  efi  el  ds  been  foggy  with 
war  gas.  Recalls  Carhart:  "We  were  able  to  weave  the  stuff  with  the 
nylon,  so  that  it  would  now  give  you  the  strength  and  it  would  give 
you  the  protection.  We  had  fabric  made  of  that,  and  we  had  suits 
made  of  that.  That  stuff  gave  more  protection  agai  nst  sulfur  mustard 
[and  several  other  chemical  warfare  agents]  .  .  .  than  any  chemical 
clothing. 

Though  still  awkward  in  design  (the  men  had  to  cut  flies  in  the 
suits  so  they  could  urinate),  these  suits  underwent  rigorous  and  pun¬ 
ishing  tests  at  Camp  Lqeunein  North  Carolina  where  Marines  were 
training  for  some  of  the  most  decisive  Pacific  battles,  including  I  wo 
J  i  ma.  Thespecter  of  chemi cal  weapons remai  ned  threateni  ng.  TheN  RL 
group  knew  they  had  come  up  with  something  worthwhile  when  the 
suits  that  had  been  worn  bytrainees  wading  through  swamps  or  hit¬ 
ting  beaches  in  landing  craft  fared  well  enough  to  return  to  NRL  for 
retesting  on  subjects  in  Bui  I  ding  44. 

Hitler  had  no  qualms  about  using  lethal  gas  as  a  major  means  of 
mass  murdering  JewSy  Gypsies,  and  other  civilians  But,  as  it  turns 
out,  the  Nazis  did  not  use  chemi  cal  warfare  agents  in  battle  One  an¬ 
ecdotally  offered  reason  for  this  reserve  was  that  Hitler  had  survived  a 
chlorine  gas  attack  during  World  War  I  and  developed  such  a  per¬ 
sonal  fear  of  such  weapons  (which  could  creep  under  the  doors  of 
any  concrete  bunker)  that  he  forbade  their  use 

Ironically,  the  only  battlefield  casualties  due  to  chemical  warfare 
agents  occurred  afterGerman  bombersraidedtheharborof  Bari,  Italy 
on  December  2,  1943.  One  of  the  shi  ps  that  sunk  that  day  was  the 
merchant  marineshipSSjo/in  Harvey.  Secretlyin  its  hold  were2,000 
sulfur  mustard  bombs  Asthedamaged  ship  went  down,  sulfur  mus¬ 
tard  leaked  out  and  mingled  with  theoil  and  other  debris  i  n  theraided 
harbor.  Shipwrecked  sailors  medical  personnel  who  cared  for  them 
later,  as  well  asciviliansfromBari  who  had  been  exposed  to  clouds  of 
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the  agent,  all  became  unwitting  casualties  to  an  unexpected  hazard. 
The  numbers  are  staggering.  Of  the  600  victims  of  sulfur  mustard  in 
the  harbor  area,  83  died.  Civilian  deaths  i  n  thetown  approached  1,000.^^ 

Chemical  warfare  research  at  NRL  and  elsewhere  came  to  a  quick 
stop  afterworld  War  II  ended.  Carhart  I  aments  that  the  consequences 
of  such  rapid  dispersal  and  disengagement  of  those  involved  was  that 
the  work  and  technology  were  never  properly  documented.  Fear  of 
chemical  warfare  never  disappeared,  however.  The  shift  from  chemi¬ 
cal  I  y  i  mpregnated  protecti  ve  cl othi  ng  to  the  use  of  texti  I e  fi  bers  stud¬ 
ded  with  tiny  absorbent  carbon  particles,  which  NRL  scientists  espoused 
during  the  war  years,  was  a  sound  pri  nd  pi  eto  which  military  research¬ 
ers  would  return  in  later  years 

For  four  decades,  hardlyaword  about  thehuman  costsofthechemi- 
cal  warfare  research  reached  public  attention.  In  the  1980s,  however, 
some  of  the  approxi  mately  60,000  U  .5.  servicemen  who  were  human 
subj  ects  i  n  the warti  me  experi  ments  began  seeki  ng  compensati  on  from 
the  Department  of  Veterans  Affai  rs  for  mal  adi  es  they  and  thei  r  doctors 
believed  derived  from  that  experience  In  1991,  the  Veterans  Ad  mini  s- 
trati  on  ( VA)  sought  gui  dance  i  n  the  handl  i  ng  of  these  cases  by  aski  ng 
the  I  nsti  tute  of  M  edi  ci  ne  ( 1 0  M )  to  conduct  a  study  i  nto  the  associ  ati  on 
of  chemical  warfare  agents  used  during  the  warti  me  research  with  spe¬ 
cific  diseases 

The  427-page  lOM  study  that  came  out  of  this  was  published  in 
1993.  The  task  was  immense  because  records  of  the  research  and  the 
human  subjects  involved  generally  were  either  woefully  scant  or  ab¬ 
sent.  M  oreover,  no  fol  I  owup  studi  es  were  ever  conducted  by  any  of  the 
research  teams  i  nvol  ved  to  see  i  f  there  were  I  ong-term  effects  on  those 
exposed  to  chemical  warfare  agents  Itturnsout  that  themost  valuable 
data  regard!  ng  the  warti  me  experi  ments  came  from  N  RL  due  I  argel  y  to 
Flomer  Carhart.  "I  save  shoelaces,"  he  says^^  Fie  also  saved  a  crucial 
boxof  recordsfromthechemical  warfare  research,  includingthenames 
of  many  of  the  test  subj  ects  as  well  as  medical  photographs  of  the  sub¬ 
jects  To  develop  recommendationsfor  theVA,  thelOM  panel  subse- 
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quenti  y  was  abl  e  to  use  thi  s  other  I  i  nes  of  evi  dence  i  ncl  udi  ng  I  ong- 
term  epidemiological  data  from  workers  exposed  to  toxic  agents,  as 
well  as  information  from  the  aftermath  of  chemical  attacks  during 
the  I  ran-l  raq  war  i  n  the  1980s 

The  lOM  recommended  that  the  VA  do  everything  it  could,  in¬ 
cluding  public  announcements  and  advertisements,  to  identify  and 
I  ocatethetest  subj  ects  ( and  chemi  cal  warfare  agent  product!  on  work¬ 
ers),  medically  evaluate  them,  and  provide  treatment  when  neces¬ 
sary.  Carhart's  habit  of  "saving  shoelaces"  paid  off.  The  documents  he 
saved  from  the  wartime  chemical  warfare  research  enabled  the  I OM 
to  I  ocate  many  of  those  test  subj  ects  who  were  exposed  at  N  RL. 

After  WWII,  Carhart  devoted  most  of  his  time  to  such  critical  Na¬ 
val  issues  as  making  the  interiors  of  nuclear  submarines  habitable 
duringlongsubmersionsandreducingrisksandeffectsoffirethrou^- 
out  the  Fleet. 

The  Navy's  Secret  Little  Manhattan  Project 

On  July  2,  1943,  at  about  2:30  p.m.,  Mr.  Trafton  Robertson,  a 
radio  announcer  for  the  Mutual  Broadcast! ng  Company,  piqued  the 
interest  of  anyone  who  happened  to  be  listening  to  a  special  live 
broadcast  of  NRL's  anniversary  celebration.  "Today  is  the  Naval  Re¬ 
search  Laboratory's  twentieth  birthday,  so  we  have  brought  our  Mu¬ 
tual  mi  crophones  i  nsi  de  these  cl  osel  y  guarded  wal  I  s  whi  ch  shi  el  d  from 
pryi  ng  enemi  es  some  of  the  most  astound!  ng  secrets  that  this  war  has 
thus  far  developed,"  hetold  his  listeners^® 

Some  of  the  secrets  Robertson  was  referri  ng  to  al  ready  were  par¬ 
ti  all  yout.  In  acongratulatory  letter  to  Admiral  A.H.  Van  Keuren,  NRL's 
director  at  the  time  President  Franklin  D.  Roosevelt  singled  out  one 
of  these  Fie  cited  "detection  of  the  enemy"  as  a  particularly  tough 
and  militarily  critical  nut  that  NRL  helped  to  crack.  "Our  success  is 
proven  since  we  are  nowable  to  meettheen  emy  intheairandonthe 
sea  with  unsurpassed  battle  intelligence"  the  President  wrote^^  Fie 
was  referri  ng  here  pri  mari  ly  to  radar. 
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Later  duri  ng  the  anni  versary  proceed!  ngs,  J  ames  V.  Forrestal ,  U  ri¬ 
der  Secretary  of  the  N  avy,  fi  1 1  ed  i  n  some  detai  I s  H  e  prai sed  N  RL's  pi  o- 
neeri  ng contri  buti  on  to  radar,  a  technol ogy  Forrestal  credited  with  hel  p- 
i  n g  to  wi  n  th  e  BattI  e  of  Bri  tai  n  by  en  abl  i  n g  Bri  ti  sh  f i  ghters  to  get  off  th e 
ground  minutes  before  their  enemy  cohorts  had  arrived  above  them. 
So  rather  than  becoming  sitting  ducks,  the  British  airmen  wereableto 
engage  the  German  fighters  in  the  ai r  where  the  attackers  suffered 
enough  losses  to  lose  the  long  battle  Forrestal  also  credited  radar  with 
hel  ping  the  Allies  win  the  battle  at  Guadalcanal.  Fleputitthisway:  "a 
taskforce  of  our  battleships  had  steamed  out  of  the  midnight  black¬ 
ness  and  at  a  distance  of  over  nine  miles,  shooting  by  radar  control, 
had  broken  the  back  of  thejapanese  striking  forces"^® 

Whileall  of thiswell-deserved self-congratulation  aboutNRL'swas 
taki  ng  pi  ace  the  m.c.  of  the  ceremony  and  some  of  the  attendees,  i  n- 
cluding  Ross  Gunn  oftheMechanicsDivision  and  Rear  Admiral  Flarold 
Bowen  (who  recenti  y  had  I  eft  as  N  RL's  di  rector  to  work  i  n  the  Offi  ce  of 
the  Under  Secretary  of  the  Navy),  undoubtedly  were  thinking  of  an¬ 
other  top  secret  pro]  ect  at  N  RL. 

The  project  began  as  an  insight  in  the  mind  of  Ross  Gunn.  As  tech¬ 
nical  advisor  to  the  director  of  NRL,  Gunn  participated  in  high-level 
Defense  Department  meetings.  On  March  17, 1939,  heand  NRL  col¬ 
league  W.FI.  Sanders  attended  a  particularly  interesting  one  during 
which  physi  cist  Enrico  Fermi,  themostrecentwinneroftheNobel  Prize 
who  had  arrived  from  Italytojoin  thefacultyof  Columbia  University, 
bri  efed  N  avy  commanders  about  a  momentous  success  i  n  the  fal  I  of 
1938  by  German  scientists  working  in  Berlin  at  the  Kaiser  Wilhelm 
Institute  for  Chemistry.  Otto  Flahn  and  Fritz  Strassman  deliberately 
split  uranium  atoms  by  bombarding  them  with  neutrons  Evidence  for 
the  process  came  i  n  the  form  of  bari  um  atoms  whi  ch  FI  ahn's  former 
research  partner,  Lise  Meitner  had  reasoned  would  emerge  from  split¬ 
ting  uranium  atoms  as  atomic  fragments  Anybody  who  knew  howto 
plug  numbers  into  Einstein's  famous  equation  describingtheequiva- 
I  ency  of  energy  and  mass— and  Fermi  knew  how  to  pi  ug  i  n  numbers— 
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could  see  that  the  splitting  at¬ 
oms  cou  I  d  yi  el  d  vasti  y  more  en¬ 
ergy  compared  to  any  means  of 
energy  release  so  far  harnessed 
by  humanity. 

Fermi  tol  d  the  gather!  ng  i  n 

Washington,  DC  that  no  one 

knew  if  the  process  could  lead 

to  new  ki  nds  of  weapons  But  he 

and  everyone  else  knew  that  if 

an  atomic  bomb  could  be  made 

it  would  become  the  most  ter- 

ri  bl  e  weapon  the  worl  d  yet  had 

seen.  The  topic  of  harnessing 

^  Among  other  notable  achievements  at  N  RL, 

atomi c  energy  for  power  pro- 

duction  also  cameup  duringthe  search  sponsored  by  an  agency  of  the  US. 
meeting.  Fermi  would  subse-  Government. 

quently  head  a  research  team  that  achieved  the  world's  first  sustained 
nuclear  reaction  in  a  pileof  uranium-235  underneath  a  gymna¬ 
sium  at  the  University  of  Chicago  on  December  2, 1942.  It  was  a  major 
step  toward  development  of  both  the  atomic  bomb  and  nuclear  power. 

The  March  17  meeting  had  a  profound  effect  on  Gunn,  who  quickly 
saw  the  potent! al  of  atomi  c  power  for  revol  uti oni zi  ng  submari  ne  pro- 
pulsion.  Fie  real!  zed  that  a  submarine  powered  by  atomic  energy  rather 
than  the  energy  harbored  in  chemical  fuels  could  remain  submerged 
almost  indefinitely.  In  that  case;  human  p^chology  rather  than  theneed 
to  refuel  or  recharge  batteries,  would  become  thelimitingfactorto  how 
long  a  submarine  could  remain  conti  nuously  submerged.  The  subma¬ 
ri  newould  become  an  even  more  awesome  and  powerful  instrument  of 
war. 

Three  days  I  ater,  on  M  arch  20,  Ross  Gunn,  ei  ght  N  RL  associ  atesy  and 
the  NRL  director.  Captain  FI  oil  is  Cooley,  visited  Rear  Admiral  Flarold 
Bowen,  then  the  Chief  of  the  Bureau  of  Engineering.  (Bowen  would 
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replace  Cooley  as  director  of  NRL  several  months  later.)  They  asked 
Bowen  to  assi  gn  $2,000  to  N  RL,  i  n  the  words  of  a  memorandum  writ¬ 
ten  after  thewar  was  over  to,  "initiatethefirststepsinthesolution  of 
the  uranium  power  problem.  They  got  the  money  In  his  autobiog¬ 
raphy  published  in  1954,  Bowen,  by  then  a  retired  Admiral,  claimed 
that  this  money  was  "thefi  rst  government  money  spent  on  the  study 
of  atomicfission."®° 

The  first  problem  for  nuclear  bombs  or  nuclear  propulsion  de¬ 
rived  from  a  common  reality  in  the  Periodic  Table  of  Chemical  Ele¬ 
ments  Li  ke  many  el  ements,  urani  um  atoms  come  natural  I  y  i  n  several 
isotopic  forms  that  differ  from  one  another  in  the  number  of  neu¬ 
trons  they  have  in  their  respective  nuclei.  Asitturnsout,  nuclear  fis 
Sion  occurs  far  more  efficiently  in  the  presence  of  unnaturally  high 
popul  ations  of  the  isotope  In  uranium  ore  this  desired  isotope 
is  present  in  the  ratio  of  about  1  to  every  143  atoms,  which  has 
three  more  neutrons  in  its  nucleus  Gunn  knew,  therefore  that  any 
practical  s^em  of  nuclear  propulsion  entailed  having  a  plentiful 
source  of  uranium  fuel  enriched  in  the  isotope  The  requirement 

for  enriched  material  iseven  more  critical  when  itcomesto  mak¬ 
ing  bombs,  which  had  to  be  compact  enough  and  light  enough  to  be 
carried  by  aircraft. 

The  task  fell  first  to  Roman  Miller  of  NRL's  Chemistry  Division 
and  TD.  O'Brien,  an  isotope  separation  specialist  hired  from  the 
nearby  University  of  Maryland  specifically  to  work  on  the  uranium 
i  sotope  probi  em.  The  strategy  from  the  start  was  to  synthesi  ze  a  ura¬ 
ni  um-contai  ni  ng  chemi  cal  compound  that  woul d  exist  i  n  thegaseous 
state  under  conditions  that  were  not  too  extreme  Once  in  the  gas 
eous  state  the  slightly  different  masses  of  molecules  containing  the 
different  uranium  isotopes  would  providethe  physical  basisforsepa- 
ratingthem.  Uranium  hexafluoridefitthebill.  By  about  January  10, 
1940,  Miller  and  O'Brien  had  gram-sized  samples  of  uranium 
hexafluoride  in  hand. 

J  ust  th  ree  months  earl  i  er,  Presi  dent  Roosevel  t  had  recei  ved  a  I  etter 
si  gned  by  Al  bert  Ei  nstei  n  i  n  wh  i  ch  the  worl  d  famous  physi  ci  st  warned 
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of  the  i  mmi  nent  potenti  al  for  physi  ci  sts  anywhere  i  n  the  worl  d  to  tap 
uranium  fission  for  unprecedented  amounts  of  energy.  "This  new 
phenomenon  would  also  lead  to  the  construct!  on  of  bombs,  and  it  is 
conceivable— though  much  less  probable— that  extremely  powerful 
bombs  of  a  new  type  may  thus  be  constructed,"  Einsten  warned  in  his 
letter  which  was  written  on  August  2  but  did  not  reach  the  President 
until  October  U.®^ 

Within  weeks,  the  President  had  set  up  the  Advisory  Committee 
on  Uranium  to  keep  track  of  the  development  in  uranium  and  nuclear 
research  and  to  recommend  actions  Ross  Gunn  would  become  a 
member  of  the  committee  The  official  start  of  the  Manhattan  Project, 
which  would  produce  the  world's  first  nuclear  weapons  was  still  two 
years  away. 

Meanwhile  as  soon  as  the  NRL  chemists  synthesized  the  ura¬ 
nium  hexafluoride  it  went  to  several  university  laboratories  whose 
secret  charge  was  to  develop  means  of  enriching  the  samples'  By 

theend  of  February  1940,  a  scientist  at  the  University  of  Virginia,  on 
a  $13,000  contract  with  NRL,  already  had  a  partially  enriched  sub¬ 
gram  sample  of  uranium  hexafluoride  that  he  obtained  with  a  high¬ 
speed  centrifuge  At  the  same  time  researchers  at  Columbia  Univer¬ 
sity  under  a  $30,000  contract  also  had  begun  centrifugal  separation 
studies  as  well. 

The  work  that  would  prove  more  fateful  started  more  humbly. 
First  for  free  and  then  with  a$3,500  allotment,  Philip  Abel  son  of  the 
Carnegie  Institution  ofWashington  (CIW)  began  pursuing  a  different 
separation  process— liquid  thermal  diffusion  method.  Abel  son  wasa 
new  hire  from  Lawrence  Berkeley  Laboratory  in  California  where  he 
had  been  worki  ng  on  new  electron  accelerators.  That  made  hi  m  one 
of  thefew  nuclear  scientists  in  the  country.  FlisbosswasMerleTuve 
the  same  man  who  15  years  earl  i  er  had  used  N  RL  radi  o  transmitters 
to  measure  the  vari  abl  e  hei  ght  of  the  i  onosphere 

The  basic  idea  of  the  liquid  thermal  diffusion  method  was  to  put 
dissolved  uranium  hexafluoride  into  a  column  whose  ends  were  kept 
at  very  different  temperatures  Since  those  uranium  hexafluoride 
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molecules  harboring  the  lighter  atoms  diffuse  slightly  faster  to 
thewarmer  side  of  the  column  than  do  those  molecules  with  heavier 
uran i  um  i sotopes  ( mai  nl  y  U ,  the  I  i  ghter  mol  ecul  es  end  up  enri  ch- 
i  ng  on  the  warm  si  de  of  the  col  umn.  This  enri  ched  sol  uti  on  then 
becomes  the  start!  ngfluidforanexti  terati  on  i  n  a  di  ffusi  on  tube  and 
so  on .  I  n  each  cycl  e;  the  proporti  on  of  U  (sti  1 1  form!  ng  the  center  of 
uranium-hexafluoride  molecules)  by  the  warm  side  of  the  column 
i  ncreases  I  n  ti  me;  techni  ci  ans  woul  d  withdraw  the  urani  um  hexafi  uo- 
ride and  then  covert  it  into  metallic  uranium  enriched  in 

Abel  son  recalls  that  soon  after  he  began  working  on  the  process 
atCIW,  which  meant  first  building  all  manners  of  columns,  hefound 
hi  mself  runni  ng  out  of  space  Tuve  got  nervous  about  thespace-con- 
sumingtrend.  To  rel  i  eve  his  angst,  Tuve  arranged  for  Abelson  to  move 
his  urani  um  project  to  a  morespaci  oussetti  ng  at  the  N  ati  onal  Bureau 
of  Standards,  which  was  then  just  a  few  miles  away  down  Connecti¬ 
cut  Avenue  The  di  rector  of  N  BS,  Lyman  Bri  ggs,  was  a  member  of  the 
Uranium  Committee  and  was  more  than  happy  to  accommodate 
Abelson  and  Tuve  Through  Bri  ggs  and  Tuve  Ross  Gunn  was  kept  well 
i  nformed  of  Abel  son's  doi  ngs 

Abelson  had  hardly  got  up  and  running  in  his  new  NBS  setting 
when  herealized  heneeded  to  increase thesize of  thediffusi on  tubes 
yet  more  That  design  change  had  the  troubling  consequence  of  en¬ 
tailing  higher  pressure  steam  than  he  could  get  at  NBS.  That  started 
the  machinery  in  motion  that  would  result  in  Abel  son's  second  ma¬ 
jor  venue  shift  within  half  a  year  of  arriving  in  Washington. 

Gunn  had  been  attracted  to  the  process  Abelson  was  set  on  be¬ 
cause  it  looked  practical,  the  kind  of  process  you  could  scale  up  to 
massive  scales  So  when  he  heard  that  Abelson  needed  a  more  ca- 
pabl e  source  of  steam,  he  i  nvited  the  Cl  W  sci  enti st  to  N  RL  to  take  a 
look  around.  Abelson  liked  what  he  saw  and  on  July  1,  1941,  he 
became  an  N  RL  empi  oyee  Adjacent  to  the  boi  I  er  house  near  the  wa¬ 
terfront  where  N  RL  butts  agai  nst  the  Bl  ue  PI  ai  ns  Sewage  pi  ant,  Abel  son 
and  his  new  NRL  collaborator,  John  (known  as  Jack)  Hoover,  set  up 
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column  after  column,  each  time  changing  the  spacing  between  the 
hot  and  col  d  wal  Is  of  thetube  Everyth!  ng  about  thetubes  seemed  to 
matter— their  lengths,  diameters,  and  the  difference  in  temperature 
between  their  hot  and  cold  walls  Money  for  this  and  the  other  iso¬ 
tope  separation  studies  came  from  the  Navy  Bureaus  of  Ordnance 
and  Engineering,  which  each  kicked  in  $26,000,  and  from  the  Army 
Ordnance  Department,  which  provided  $50,000. 

By  late  1942,  Abel  son's  NRL  staff  had  increased  by  four  and  he 
had  several  contractors  working  on  specific  problems  in  theory  and 
analysis.  They  had  arrived  at  a  working  set  of  column  conditions  and 
bui  It  a  pi  I  ot  pi  ant  of  12  col  umns  each  48  feet  tal  I .  The  enri  ched  ma¬ 
terial  they  were  harvesting  from  these  columns  represents  some  of 
the  first  substantial  amounts  of  slightly  enriched  uranium  ever  ob- 
tai  ned.  0  n  December  10,  the  I  itti  e  ri  versi  decuri  osity,  whi  ch  few  peopi  e 
at  the  Laboratory  had  clearance  to  know  about,  received  a  visit  as 
unexpected  as  it  was  fateful . 

O  n  th  at  d  ay,  a  CO  1 0  n  el  of  th  e  Army  En  gi  n  eers  bythenameofLeslie 
R.  Groves  arri  ved  wi  thout  warn  i  ng  at  the  offi  ce  of  N  RL  di  rector  Admi¬ 
ral  Bowen .  At  th  e  ti  me  Bowen  was  u  n  aware  th  at  G  roves  was  ru  n  n  i  n  g 
the  super-secret  Manhattan  Project  that  officially  had  begun  on  De¬ 
cember  6,  1941,  the  day  before  the  Japanese  attack  on  Pearl  Harbor. 
Grovesasked  to  see  the  small  pilot  pi  ant  that  Abel  son  and  hisassoci- 
ateshad  built.  Approximately  six  and  ten  weeks  after  his  visit.  Groves' 
tech  n  i  cal  ad  vi  sory  body  pai  d  two  vi  si  ts  to  N  RL  to  assess  th  e  pi  ant  an  d 
the  liquid  thermal  diffusion  process  for  its  potential  in  helping  the 
bomb  project. 

According  to  a  memorandum  on  the  hi  story  of  the  uranium  sepa- 
rati  on  work  at  N  RL  i  ssued  i  n  1946  and  si  gned  by  i  ts  parti  ci  pants,  "I  t  i  s 
reported  that  the  technical  advisory  committee  was  favorable  to  our 
method,  butthebuildingof  a  liquid  thermal  diffusion  pi  ant  was  ve¬ 
toed  by  someone  higher  up."®^  Whatever  the  committee's  actual  rec¬ 
ommendations,  liquidthermal  diffusion  did  notthen  becomeacom- 
ponent  of  the  bomb  project. 
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Although  it  appeared  that  neither  NRL  nor  the  Navy  would  be 
playing  any  part  in  the  Manhattan  Project,  liquid  thermal  diffusion 
remai  ned  the  number  onecandi  date  for  acqui  ri  ng  the  materi  al  needed 
for  nuclear  propulsion  (which  required  less  enrichment  than  did 
bombs)  and  the  Navy  was  going  full  steam  ahead.  In  June  1944,  NRL 
proposed  the  construct!  on  of  a  300-col  umn  product!  on  pi  ant  to  Vi  ce 
Admiral  Edward  L  Cochrane  chief  of  the  Bureau  of  Ships 

In  post-war  memoranda  about  this  move  the  Laboratory  stated 
an  additional  rationale  for  the  pi  ant.  "Thepurposeof  this  plant  was 
to  supply  i nsurance  agai  nst  fai I  ure  of  part  of  the  Army's  separati on 
program  and  to  provide  the  Naval  Research  Laboratory  with  materi¬ 
als  for  study  of  atomic  energy,"  stated  the  August  9, 1945  memoran¬ 
dum  to  the  Chief  of  Research  and  Invention,  who  was  none  other 
than  former  NRL  director.  Rear  Admiral  Harold  Bowen.®^ 

Asitwaswhen  Abel  son  made  his  move  from  NBS  to  NRL,  steam 
remained  a  keycommodity  in  the  diffusion  process  With  a  300-col¬ 
umn  plant  on  the  horizon,  however,  there  would  be  a  need  for  mas¬ 
sive  amounts  of  high-pressure  steam.  As  home  to  the  Naval  Boiler 
and  Turbi  ne  Laboratory,  the  Phi  I  adel  phi  a  N  avy  Yard  was  the  pi  ace  to 
go  for  lots  and  lots  of  steam.  Thissite  would  becomethe  location  for 
thesecret,  two-million-dollar  isotope  separati  on  facility.  Abelson  re¬ 
members  living  on  the  road  between  Washington  and  Philadelphia 
after  construction  of  the  pi  ant  began  in  November  1943.®"* 

Just  as  the  pi  ant  neared  completion  thefollowingjune  NRL  was 
shocked  to  learn  that  the  War  Production  Board  was  going  to  turn 
down  their  request  for  the  uranium  hexafluoride  the  starting  mate¬ 
rial  without  which  the  new  plant  would  be  idle  Not  only  was  this 
chemical  the  feedstock  for  the  separati  on  process*  but  Abelson  and 
his  N  RL  col  I  eagues  were  the  ones  who  came  up  with  the  very  process 
for  produci  ng  I  arge  amounts  of  the  materi  al  i  n  the  fi  rst  pi  ace  When 
theNRLteam  attempted  to  circumvent  this  obstacle  by  shifting  to  an 
alternative  method  of  makingthefeedstock  based  on  abundantlyavail- 
ableuraniumoxideores,theseal  tern  ati  ve  start!  n  g  materi  al  s  al  so  were 


chapter  6  -  nrl  goes  to  war  ♦  147 


denied  them.  With  aggressive  pressure  by  high  level  Navy  officers, 
this  de  facto  embargo  against  the  Navy's  uranium  isotope  program 
was  finally  lifted.  By  the  end  of  June  1944,  the  Philadelphia  pilot 
plant  began  production. 

Meanwhile  Abelson  had  become  aware  that  the  isotope  separa¬ 
tion  plant  at  Oak  Ridge  Tennessee  which  relied  on  a  gaseous  diffu¬ 
sion  process,  was  badly  behind  schedule  He  began  to  worry  that  the 
entire  bomb  project  might  be  in  jeopardy.  A  logical  consequence  of 
this,  bethought,  was  that  the  liquid  thermal  diffusion  processjust 
might  be  an  ace  in  the  hole  for  the  Manhattan  Project.  He  wanted 
Robert  Oppenheimer,  scientificdirector  of  the  Manhattan  Project  at 
Los  Al  amos,  N  ew  M  exi  co,  to  know  what  N  RL  had  to  offer  at  the  Phi  I  a- 


A  liquid  thermal  diffusion  plant  for  separating  uranium  isotopes,  like  the  one  shown 
in  this  model,  was  built  at  the  Philadelphia  NavyYard  in  1 943.  In  1 944,  a  larger 
plant  went  into  operation  at  Oak  Ridge,  Tennessee,  where  it  speeded  up  the 
production  of  uranium  for  the  country's  first  atomic  weapons. 
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dd  phi  a  plant.  Al  ready  frustrated  by  the  veritable  locking  out  of  the 
Navy  vis-^vis  participation  in  the  bomb  project,  Abdson  chose  to 
circumvent  the  conventional  means  of  communications  within  the 
Manhattan  Project.  This  is  what  Abdson  told  historian  Richard 
Rhodes: 


"/  wanted  to  let  0  ppenheimer  know  what  we  were  doing.  Some¬ 
one  in  the  Bureau  of  Ships  knew  one  of  the  people  in  the  [  N  avy] 

Bureau  of  Ordnance  who  was  going  out  toLosAlamos  I  remem¬ 
ber  that  I  met  the  man  at  the  old  Warner  Theater  here  in  Wash¬ 
ington,  up  in  the  balcony—  real  cloak  and  dagger  stuff 

Rhodes  fleshed  out  what  happened  next:  "Abdson  briefed  the 
Bureau  of  0  rdnance  ( BuO  rd)  offi  cer  about  the  pi  ant  he  was  building. 
H  e  sai  d  that  he  expected  to  be  produci  ng  5  grams  a  day  of  materi  als 
enriched  to  5  percent  byjuly.  This  vital  information  theBuOrd 
man  carried  to  Los  Alamos  and  passed  along  to  Edward  Tdler.  Tdler 
in  turn  briefed  Oppenhdmer.  Oppenhdmer  apparently  conspired 
then  with  Deke  Parsons,  the  Hill's  ranking  Navy  man,  to  concoct  a 
cover  story:  that  Parsons  had  learned  of  the  Abdson  work  on  a  visit  to 
the  Philadelphia  Navy  Yard.  With  the  Navy  thus  protected, 
Oppenhdmer  on  April  28  alerted  Groves"®® 

All  of  this  transpired  in  the  weeks  foil  owing  completion  of  the 
Phi  I  add  phi  a  plant.  Admiral  Bowen  later  recounted  what  followed: 
"0  n  26  J  une  1944  the  bl  uepri  nts  of  the  N  aval  Research  Laboratory 
were  turned  over  to  Colond  Fox  of  the  Manhattan  [Project]  to  facili¬ 
tate  the  construction  at  Oak  Ridge  Tennessee  of  a  new  plant  using 
the  Abdson-Gunn  process  with  2,200  dements  or  seven  times  the 
capacity  of  the  Navy  plant  at  Philaddphia."®^  That  summer,  Leslie 
Groves  hi  msdf  paid  a  visit  to  the  Phi  I  add  phi  a  plant  as  wd  I,  his  sec¬ 
ond  personal  enounter  with  the  liquid  thermal  diffusion  process 
By  the  last  week  of  August,  Harvard  University  President  James 
Conant,  a  chief  science  advisor  to  Colond  Groves,  had  recruited  10 
enlisted  soldiers  with  technical  skills  Arnold  Kramish,  who  was  on 
detail  at  the  Phi  I  add  phi  a  pi  ant  from  Los  Alamos  where  he  had  been 


chapter  6  -  nrl  goes  to  war  ♦  149 


worki  ng  on  thedetonatorsfor  thefi  rst  atomi  c  bombs,  recal  I  sConant's 
pitch: 

“[He]  told  us  very  little  about  what  he  was  asking  them  to  do, 
and  he  cautioned  them  that  the  job  would  be  very  dangerous 
testing  a  new  and  untried  process  ‘But,'  he  said,  'you  will  be 
winning  the  war."’^^ 

Their  mission  was  to  work  at  the  newly  operational  liquid  ther¬ 
mal  diffusion  plant  in  Philadelphia.  Meanwhile;  construction  of  the 
2,200-column  Oak  Ridge  plant  had  begun.  Since  most  of  the  engi¬ 
neering  problems,  including  ones  with  lethal  potential,  already  had 
been  discovered  and  solved,  the  Oak  Ridge  plant  went  up  in  record 
ti  me  By  the  fal  I ,  usabi  e  materi  al  was  comi  ng  out  of  the  col  umns. 

On  September  2,  a  week  after  the  Oak  Ridge  contingent  arrived 
(and  the  same  day  that  the  future  president  George  Bush  was  shot 
down  over  the  island  of  Chid  Jima  in  the  Pacific),  something  went 
terribly  wrong  at  the  Philadelphia  Navy  Yard.  At  1:20  p.m.,  a  swift 
and  trag  c  seri  es  of  events  began  when  a  cyl  i  nder  of  urani  um  hexafi  uo- 
ridefeed  stock  exploded  in  the  transfer  room  and  fractured  nearby 
pipes  coursing  with  searing  steam.  When  uranium  hexafluoride  mixed 
with  thewater  of  the  steam,  an  instantaneous  react!  on  produced  hell¬ 
ish  mi  sts  of  hydrogen  fl  ouri  de  one  of  the  most  aggressi  ve  of  ad  ds 

Arnold  Kramish  vividly  recalled  what  happened: 

"There  were  three  of  usin  the  transfer  room  at  the  time— myself 
and  two  ci  vi  I  i  ans,  Peter  N .  Bragg,  J  r.  of  Fayettevi  1 1  eArkansas,  and  Dou- 
glasP.  Meigs  of  Owings  Mill,  Maryland.  Weinhaled  large  quantities 
of  uranium  compounds  and  suffered  whole  body  acid  burns  Peter 
and  Douglas,  both  of  them  civilian  engineers,  died  soon  thereafter".® 
Four  other  civil  i  ans  and  four  other  soli  ders  were  injured  in  the  blast. 
Abel  son  even  took  i  n  several  causti  c  I  ungful  s  of  the  stuff  but  did  not 
need  hospitalization. 

Perhaps  the  most  tragi  c  aspect  of  the  acci  dent  was  that  the  pro]  ect 
was  so  secret  that,  in  Kramish 's  words  "for  decades  the  families  of 
Peter  Bragg  and  Douglas  Meigs  never  knew  how  they  died."^°  Bragg's 
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parentsdied  without  everlearningwhat  happened.  Not  until  Kramish 
called  Peter's  brother,  Braxton  Bragg,  in  1987  did  a  representative  of 
thefamily  finally  find  out.  After  unyielding  pressure  from  Kramish 
and  Braxton  Bragg,  the  N  avy,  for  whom  Bragg  was  hi  red  as  a  chemi  cal 
engi  neer  at  theti  me  of  the  acci  dent,  fi  nal  I y  acknowledged  Bragg's  ul¬ 
timate  sacrifice  On  June  12, 1993,  Captain  Paul  Gaffney  II,  then  the 
Commanding  Officer  of  NRL  (now  Chief  of  Naval  Research),  pre¬ 
sented  Bragg  posthumously  with  the  Commanding  Officer's  highest 
civilian  medal— theMeritoriousCivilian  ServiceAward.  The  ultimate 
sacrifi  ce  by  Dougl  as  M  ei  gs,  who  was  a  contractor  of  the  H  .J .  Ferguson 
Co.  in  Cleveland  (and  as  such  notadirectemployeeoftheNavywhen 
hedied  in  Philadelphia),  has  yet  to  beofficiallyacknowledged. 

After  the  accident,  engineers  repaired  the  damage  and  the  plant 
continued  to  produce  moderately  enriched  uranium.  By  theti  me  the 
Philadelphia  Facility  closed  in  early  1946,  it  had  produced  just  over 
iVz  tons  of  enriched  uranium.  This  modestly  enriched  material 
became  feedstock  for  yet  another  separation  process  at  Oak  Ridge 
whose  more  thoroughly  enriched  became  part  of  the  radioactive 
heart  of  the  fi  rst  atomi  c  bombs 

"A  large  fraction  of  the  uranium  isotopes  embodied  in  the 
FI iroshima and  Nagasaki  [theNagasaki  bombactuallywasplutonium- 
based]  bombs  were  processed  by  the  Abelson-Gunn  method,"  Ross 
Gunn  told  the  Special  Committee  on  Atomic  Energy  of  the  U.S.  Sen¬ 
ate  soon  after  thewar.  "We  were  credited  with  shorteningthewar  bya 
week  or  more;  in  spite  of  the  delaying  tactics  and  fumbling  politics 
i  mposed  on  us  by  some  members  of  the  M  anhattan  Pro]  ect."^ 

A  week  may  not  sound  like  much,  but  a  week  of  world  war  is 
different  from  a  week  of  a  world  at  peace  Just  consider  the  human 
costs  Esti  mates  of  deaths  duri  ng  the  roughi  y  six  years  of  Worl  d  War  1 1 
range  up  to  54  million  for  a  weekly  average  of  180,000.  Thenumber 
of  i  n  j  u  ri  es  was  far  greater.  1 1  i  s  a  stran  ge  cal  cu  I  us  After  all,thenumber 
of  FI  iroshima  and  Nagasaki  casualties  dueto  the  atomic  bombs  also 
reached  into  the  hundreds  of  thousands  FortheUnited  States,  atleast. 
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an  earl  i  er  endi  ng  to  Worl  d  War  1 1  meant  more  I  i  ves  saved  and  fewer 
fami  I  i  es  shattered  by  premature  death  and  endl  ess  gri  ef. 

NRL  and  the  NewWorld 

From  outer  space  the  third  planet  from  the  Sun  undoubtedly 
looked  quitethesameafterthewarasithad  throughout  human  his¬ 
tory.  Butnothing,  anywhere  truly  was  the  same  National  boundaries 
had  been  redrawn.  Entire  familial  lineages  had  ended  abruptly,  de 
priving  the  world  of  the  future  saints  and  murderers  those  lineages 
may  have  harbored.  Theseeds  of  the  Col  d  War  al  most  i  nstantaneousi  y 
weresown.Thesimultaneous  angst  and  promise  of  the  new  nuclear 
age  had  begun  to  infiltrate  both  individual  and  collective  psyches 

The  Naval  Research  Laboratory  had  grown  from  adolescence  to 
adulthood  in  agrowth  spurt  that  onlywarti  me  emergency  could  have 
demanded.  It  was  more  than  the  number  of  buildings  and  people 
that  were  different  at  the  Laboratory,  however.  As  the  war  began,  NRL 
was  one  of  the  country's  only  existing  military  laboratories  with  a 
stated,  albeit  little-practiced,  mission  of  scientific  research.  In  that 
sense  it  was  I  i  ke  a  scout  amongst  Government  I  aboratori  es  with  the 
unstated  purpose  of  seeing  what  tax-funded  scientific  research  can  do 
for  the  nation. 

During  the  war,  the  nation's  reliance  on  and  commitment  to  sci¬ 
ence  expanded  dramatically.  Through  theNational  Defense  Research 
Committee  and  the  Office  of  Scientific  Research  and  Development,  it 
seemed  as  if  the  entire  national  nexus  of  technical  talent  in  the  gov¬ 
ernmental,  academic,  and  industrial  sector  had  been  organized  to 
wring  as  much  out  of  the  intelligent  application  of  science  and  engi¬ 
neering  as  it  was  naturally  possible  The  wonder  weapons  of  World 
Warll— radar,  proximity  fuzes,  atomic  bombs— all  were  born  of  sci¬ 
ence  and  science-guided  engineering.  The  war  had  proven  beyond  a 
doubt  that  a  country's  scientific  resources  were  every  bit  as  strategi¬ 
cal  I  y  val  uabi  e  as  the  number  of  bombers  i  n  the  Army  Ai  r  Corp  or  the 
number  of  destroyers  it  coul  d  put  to  sea. 
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When  the  war  ended,  the  brilliant  organizational  machinery  of 
wartime— NDRC  and  OSRD— began  dismantling.  And  there  still  on 
the  banks  of  the  Potomac  River,  wasNRL,  itscontingent  of  more  than 
2,000  researchers— a  pair  of  future  Nobelists  soon  to  join  them— 
unsureofwhattheyandtheirLabo  rato  ryhadbecomeorwhereit  was 
heading. 


C  hapter  7 


Harold  Bowen 
and  a  Born  Again  N  RL 


N  RL  dun  ng  warti  nne  seenned  on  its  way  to  becomi  ng  the  ki  nd  of 
place  where  a  submarine  could  be  built  in  15  days,  which  was  the 
fanciful  and  unrealistic  goal  Edison  had  touted  before  Congress  in 
support  of  the  Laboratory's  creati  on  30  years  earl  i  er.  1 1  sti  1 1  was  bogged 
down  with  theti  me-consumi  ng  responsi  bi  I  ity  of  test!  ng  i  ndustry-made 
equipment  against  specifications  Buttherelentlessflow  of  radio,  ra¬ 
dar,  countermeasures,  and  other  equipment  from  NRL  during  war¬ 
time  proved  that  it  had  the  makings  of  a  bona  fide  invention  factory 
relying  as  much  on  the  manufacturing  ski  I  Is  of  its  machinists  as  on 
the  engineering  abilities  of  the  research  and  development  staff.  How¬ 
ever,  the  Edisonian  vision  for  NRL  would  prove  shortsighted  in  the 
end.  It  would  become  more  than  a  mereinvention  factory.  Along  the 
way,  of  course  there  would  be  some  striking  moments 

Consider  the  "unsatisfactory  fitness  report"  that  the  Secretary  of 
theNavy,  Frank  Knox,  placed  into  the  personnel  fileof  NRL  director 
Admiral  Harold  Bowen  in  1941.  The  report  rated  the  Admiral  as  a 
very  "capabi  e  engi  neer  and  possessed  of  great  courage  i  n  press!  ng  ex- 
peri  mental  projects"  It  also  rated  Bowen's  dealings  with  the  nation's 
most  powerful  civilian  scientists  as  exceptional.  "Rather  belligerent 
and  temperamental  i  n  hi s  contacts  outsi  de  of  the  N  avy"  i s  how  the 
report  stated  it.^  That  character  trait  would  have  repercussions  for 
Bowen,  for  N  RL,  and  for  Ameri can  sci  ence  i  n  general . 
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Vice  Admiral  Harold  G.  Bowen, 
commanding  officer  of  N RL,  at 
a  time  when  the  Laboratory 
i/i/ds  becoming  a  home  to  basic 
as  well  as  applied  science  and 


Bowen,  then  57  yearsold,  had  been  aNavy man  all  of  hislife  He 
graduated  from  the  Naval  Academyin  1905  and  then  served  variously 
on  ships  and  shore  stations  A  1914  master's  degree  in  mechanical 
engineering  from  Columbia  University  set  him  into  a  lifelong  Naval 
career  with  a  mission  to  improve  the  Navy's  machinery  From  1917 
until  1931,  he  served  as  a  technical  administrator  in  the  lower  ech¬ 
elon  of  the  Naval  hierarchy  After  that,  he  entered  a  higher  profile 
arena  where  one's  acquired  friends  and  enemiestendto  be  more  pow¬ 
erful  and  where  their  actions  tend  to  be  more  consequential. 

Throughout  the  1930s,  Bowen  served  first  as  Assistant  Chief  of 
the  Bureau  of  Engi  neeri  ng  and  then  as  Chi  ef.  At  the  bureau,  he  was 
theaggressivechampion  of  an  R&D  program  for  a  new  Naval  propul¬ 
sion  ^em  based  on  high-pressure  high-temperature  steam.  Out  of 
thiseffort  came  the  vast  amounts  of  steam  at  the  Philadelphia  Navy 
Yard  that  was  the  heart  of  Philip  Abel  son's  pilot  plant  for  uranium 
isotope  separation  during  the  war. 

During  his  tenure  at  NRL,  Bowen  set  some  lasting  trends  into 
motion.  H  e  successful  I  y  argued  NRL's  case  on  Capitol  Hill,  leadingto 
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increases  in  Congressional  appropriations  for  the  Laboratory  from 
$370,000  in  1939  to  $1,479,500  in  1941.  Congressman  James 
Scrugham,  whom  Bowen  had  befriended,  was  instrumental  in  this 
outcome  The  increased  money  from  Congress  as  well  as  from  the 
N  avy  bureaus  showed  up  i  n  theform  of  a  doubi  ingin  the  N  RL's  physi¬ 
cal  plant  to  58  acres,  a  near  septupling  of  personnel  to  over  2100,  a 
more  than  doubi  i  ng  of  the  number  of  bui  I  di  ngs  from  17  to  42,  and 
the  purchase  of  I  and  on  the  western  shore  of  the  Chesapeake  Bay  for 
the  construct!  on  of  an  annexthat  became  a  critical  sitefortestingoff- 
the-bench  radio,  radar,  and  countermeasures  equipment. 

Bowen  greatly  valued  NRL's  role  and  its  potential  for  increasing 
thetechnical  quality  of  the  Navy.  But  his  assignment  in  1939asNRL's 
director  by  Acting  Secretary  of  the  Navy  Charles  Edison  was  in  large 
measure  an  attempt  to  decontaminate  some  bad  air  that  had  accrued 
between  Bowen  and  other  top  Navy  officers  and  officials^ 

In  abidforalong-termsolution,  Edison  also  shifted  NRL  from  its 
place  under  the  former  Bureau  of  Engineering  to  the  haven  of  the 
Secretary's  own  office  Though  not  ideal  to  Bowen,  the  situation  was 
tolerableand  Bowen  did  an  admirablejob  bringing  about  and  over¬ 
see!  ng  N  RL's  most  i  ntense  growth  spurt.^ 

Edison  also  gave  Bowen  a  second  hat  as  Technical  Aide  to  the 
Secretary  of  the  Navy,  ajob  that  had  no  specified  responsibilities  "The 
Technical  Aide  designation  was  made  to  save  face  for  me"  Bowen 
later  assessed  in  his  autobiography.^  In  this  obscure  capacity,  how¬ 
ever,  Bowen  managed  to  make  headway  in  a  long-term  goal  of  cen¬ 
tral  I  zi  ng  control  of  N  aval  research .  That  acti  on  woul  d  pi  t  h i  m  agai  nst 
formi  dabi  e  opponents 

Admiral  Bowen's  bulldog  approach  to  human  relations  in  and 
out  of  the  Navy  would  have  different  consequences  for  himself,  the 
Naval  Research  Laboratory  of  which  he  was  director  between  1939 
and  1941,  and  the  N  avy  as  a  whol  e 

At  about  the  same  ti  me  that  Secretary  Knox,  who  repi  aced  Secre¬ 
tary  Charles  Edison,  filed  the  unsatisfactory  fitness  report.  Admiral 
Bowen  and  N  RL  were  transferred  from  the  Offi  ce  of  the  Secretary  of 
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the  Navy  back  to  the  cognizance  of  a  bureau,  namely,  the  Bureau  of 
Ships  For  Admiral  Bowen,  theshiftwasa  resound!  ngslap  in  theface 
si  nee  it  rendered  hi  m  subordi  nate  to  the  very  offi  ce  that  he  thought 
he  ought  to  have  been  chosen  to  run  two  years  earl  ier. 

For  the  Laboratory  as  a  whole  the  effects  of  the  administrative 
shift  were  relatively  innocuous  In  his  own  accounting  of  the  NRL's 
first  25  years,  A.  Floyt  Taylor  remarked  that  the  administrative  shift 
was  largely  unfelt  at  the  Laboratory  since  the  vast  majority  of  work 
was  for  the  Bureau  of  Shi  ps  anyway^ 

Bowen  rode  out  his  personally  demeaning  placement  until  his 
NRL  assignment  came  to  an  end  in  mid-1942,  after  which  hehanded 
overthedi  rectorship  to  Admiral  Alexander  FI.  van  Keuren,  who  served 
i  n  that  si  ot  unti  I  the  war  ended. 

That  was  not  the  end  of  Bowen's  troubles  "FI  is  humiliation  was 
n ot  yet  CO mpl  ete  f or  h  i  s  en emi  es  wi  th  i  n  th e  N  avy  barred  h  i  m  f ro m  a 
major  command  and  nearly  caused  his  retirement  by  a  medical  re¬ 
view  panel,"  explains  MIT  public  policy  analyst  Flarvey  Sapolsky  in 
his  book  Science  and  the  N  avy.  "Only  a  growing  friendship  with  the 
U  nder  Secretary  of  the  N  avy  [)  ames  Forrestal  ]  saved  hi  m  from  bei  ng 
forced  to  collect  an  early  pension  in  the  midst  of  the  greatest  war  in 
the  Navy's  history."® 

It  is  wise  to  make  friends  in  high  pi  aces  because  you  never  know 
who  is  going  to  die  When  Knox  died  in  the  spring  of  1944,  Under 
Secretary  Forrestal  became  Secretary  Forrestal.  After  the  war,  Bowen's 
close  connect!  on  with  Forrestal  would  help  the  Admiral  become  the 
last  thing  that  his  enemies  might  have  wanted— the  man  in  the  Navy 
with  the  most  power  ever  over  the  direction  of  Naval  research  and 
development.  Throu^outthemid-  and  late-1940s,  that  power  would 
even  end  up  spilling  beyond  the  borders  of  the  Navy  at  a  time  when 
the  nation'sscientific  intelligentsia  were  wrenching  through  a  high- 
stakes  soul  search  whose  outcome  would  define  American  science 
and  the  way  it  issponsored,  to  thisday. 

The  happy  turn  of  fortune  for  Bowen  in  1944  and  1945  came 
onlyatimmenseinitial  cost  to  NRL  and  the  Navy.  Most  notably  was 
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the  N  av/s  conspi  cuousl  y  mi  nor  rol  e  i  n  the  warti  me  M  anhattan  Proj  ect, 
the  ulti  mate  showcase  of  the  worl  d-changi  ng  creati  ons  of  whi  ch  col  - 
lectivehuman  intellect  and  ingenuity  arecapableTheNav/sdiminu- 
ti  ve  presence  i  n  thi  s  hi  stori  cal  proj  ect  was  due  at  I  east  i  n  part,  to  Ad- 
mi  ral  Bowen's  brusque  way  with  thecivilian  scientists  who  had  orga¬ 
nized  it/ 

One  of  those  scientists  was  Vannevar  Bush,  not  a  man  to  be  on 
the  wrong  side  of  if  you  harbored  high  ambitions  in  the  world  of 
American  science® 

Bush  had  been  Dean  of  Engineering  and  Vice  President  of  the 
M  assachusetts  I  nstitute  of  Technol  ogy  before  becomi  ng  Presi dent  of 
the  Carnegie  Institution  of  Washington.  When  war  broke  out  in  Eu¬ 
rope  in  1938,  he  also  was  Chairman  of  the  National  Advisory  Com¬ 
mittee  for  Aeronautics(NACA),  which  Sapolsky  describes  as  "a  civil¬ 
ian  agency  which  had  been  established  in  1915  to  promote  thescien- 
ti fi  c  devel  opment  of  avi  ati  on  and  whi  ch  had  been  gi  ven  author!  ty  ( i  n 
June  1939)  to  assist  the  military  in  the  devel  opment  of  combat  air¬ 
craft."®  The  prewar  basi  c  research  by  N  ACA  on  ai  rfoi  I  s  was  wi  del  y  ex- 
ploited  during  WWII  by  both  sides  NACA  served  as  a  model  from 
which  Bush,  by  Presidential  authority,  created  and  organized  theNa- 
tional  Defense  Research  Committee  beginning  in  mid-1940.  The 
NDRC  would  be  to  militarily-relevant  research  what  NACA  had  been 
to  aviation  research. 

Among  the  NDRC's  founding  members  were  such  titans  of  sci¬ 
ence  asHarvard  University  Presi  dentjames  Bryant  Conant,  MITPresi- 
dentKarl  Compton,  and  Frankjewett,  presi  dent  of  Bell  Laboratories 
The  NDRC's  liaison  in  the  Navy  was  none  other  than  Admiral  Bowen, 
the  director  of  NRL  and  the  Technical  Aide  to  the  Secretary  of  the 
Navy.  From  the  start,  Bowen  was  uncomfortable  with  the  growing 
civilian  presencein  military  technical  planning  and  research. 

When  France  fell  to  Germany  in  1940,  the  NDRC  concept  ex¬ 
panded  into  the  more  encompassing  and  powerful  Office  of  Scien- 
tificResearch  and  Devel  opment  of  which  NDRC  becamea  major  com¬ 
ponent.  Bush  glided  into  chairmanship  of  the  parent  OSRD.  In  so 
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doi  ng,  he  became  as  cl  oseto  bei  ng  a  czar  of  Ameri  can  sci  ence  as  any¬ 
one  ever  had  been  before  or  si  nee 

Thetimefor  a  blowout  between  NRL  Director  Bowen  and  Bush's 
suddenly  powerful  research  organizations  was  rapidly  approaching. 
Soon  after  the  NDRC  formed,  it  absorbed  the  Uranium  Committee 
which  had  provided  the  conceptual  starting  point  in  early  1939  for 
NRL  to  become  the  first  government  agency  out  of  the  blocks  in  the 
quest  to  apply  nuclear  fission.  Asa  consequence  of  this  shift  of  con¬ 
trol  overtheU  rani  um  Committee  military  planning  regarding  nuclear 
phenomena  fel I  under  thejurisdiction  of  NDRC  regardlessof  NRL's 
pi  oneeri  ng  foray  i  nto  the  area.  M  oreover,  the  N  D  RC,  whose  members 
deathly  feared  that  German  scientists  would  build  an  atomic  bomb, 
quickly  focused  attention  and  resources  onto  atomic  weapons  and 
away  from  Bowen'sand  Ross  Gunn's  interest  in  nuclear  propulsion. 

As  I  i  ai  son  to  N  RDC  for  the  N  avy,  Bowen  was  one  of  thefew  i  n  the 
N  avy  pri  vy  to  the  potenti  al  appi  i  cati  ons  of  n ucl  ear  fi  ssi  on  and  to  the 
administrative  structure  that  would  emerge  to  manage  nuclear  re¬ 
search.  That  wasonlyonereasonwhya  clash  between  Bowen  and  the 
NDRC  was  inevitable  In  a  memorandum  to  Secretary  Knox  dated 
December  14, 1940,  Bowen  proposed  that  the  Naval  Research  Labo¬ 
ratory  be  officially  renamed  astheNaval  Research  Center,  which  would 
supervise  all  Naval  research  "on  anysubjectof  interest  to  the  Navy. 
This  tactic  would,  in  effect,  create  an  in-houseNDRC  function  within 
theNavy.  If  such  a  center  were  to  actually  be  established,  Bush'sOSRD 
and  NDRC,  and  its  majority  of  academictypes  might  be  denied  con¬ 
trol  of  Naval  research. 

The  confl  i  ct  came  to  a  head  j  ust  months  before  the  U  nited  States 
entered  the  war.  Harvey  Sapol sky  described  the  situation:  "Admiral 
Bowen's  brusque  assertion  of  the  Navy  prerogatives  in  weapons  re¬ 
search  . . .  antagonized  Vannevar  Bush  and  the  other  prominent  sci¬ 
entists  who  were  attempting  to  organize  a  civilian-directed  weapon 
development  program,  and  in  1941,  he  was  forced  out  of  his  senior 
postin  Naval  research. "Theeffectwasfarmorethan  merely  personal. 
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"Bowen'sclash  with  civilian  scientists  was  in  large  measure  the  cause 
of  the  Navy  being  excluded  from  participation  in  the  Manhattan 
Project,"  Sapolskysurmises^ 

Asit  happened,  NRL'suranium  isotope  separation,  ostensiblyfor 
nuclear  propulsion  studies,  did  become  an  integral  and  grudgingly 
acknowledged  part  of  the  bomb  project.  What's  more;  that  work  de- 
vel  oped  i  nto  the  equi  val  ent  of  a  new  chromosome  i  n  the  I  aborator/s 
genome  that  henceforth  would  influence  the  mission  and  character 
of  the  Laboratory.  I  n  1946,  for  exampi  e  many  members  of  the  Labo¬ 
ratory— particularly  in  the  Optics  Division— would  become  part  of 
Project  Crossroads*  the  first  set  of  postwar  nuclear  weapons  tests  in 
the  Pacific.  After  that,  NRL  would  remain  an  important  component 
of  the  Nuclear  Age  and  the  awful  Doomsday  Machine  that  would 
emerge  out  of  the  fl  edgi  i  ng  Col  d  War. 

As  it  happened  also,  Bowen  came  back  from  the  professional  ex- 
ileto  which  his  opponents  had  hoped  to  relegate  him.  And  in  so 
doing,  hewould  catalyzethe  creation  of  the  Office  of  Naval  Research, 
which  would  change  the  course  of  NRL,  research  in  the  Navy,  and 
even  the  enti  re  context  of  Ameri  can  sci  ence 

Theconcept  of  ONRwas  first  envisioned  in  Iatel944when  Secre¬ 
tary  Forrestal  received  a  proposal  from  Admiral  Purer,  who  then  was 
the  head  of  the  Office  of  the  Coordinator  of  Research  and  Develop¬ 
ment  (CRD),  which  was  the  technical  link  between  civilian-run  sci- 
entificorganizationsliketheOSRD  and  the  Navy's  materiel  bureaus 
Furer's  proposal,  which  first  was  formulated  the  previous  year  by  a 
small  group  of  CRD  officers  known  as  the  Bird  Dogs,  was  to  create  a 
central  organization  to  plan  and  guide  the  Navy  Department's  re¬ 
search. 

On  May  19,  1945,  Forrestal  established  the  Office  of  Research 
and  Inventions(ORI).  ItsubsumedthefunctionsoftheCRD  and  the 
six-month-old  Officeof  Patents  and  Invent!  onsthat  had  been  created 
to  preempt  expensi  ve  patent  i  nfri  ngement  cl  ai  ms  that  were  I  i  kel y  to 
emerge  after  th  e  war.  0  Rl  al  so  was  assi  gn  ed  th  e  respo  nsi  bi  I  i  ty  of  pi  an  - 
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ning  postwar  research.  Moreover,  ittookovertheNaval  Research  Labo¬ 
ratory.  The  Office  of  Research  and  Inventions  was  in  some  respects 
the  Naval  Research  Center  that  Bowen  had  proposed  earlier  to  Secre¬ 
tary  Knox. 

As ORI's chief,  Forrestal  appointed  Admiral  Bowen.  In  principle 
Bowen  had  emerged  from  nearly  bei  ng  barred  from  thetechnical  plan- 
ningoftheNavyto  become  intheoryatleast,  the  most  influential  of 
all  Navy  technical  men  ever. 

I  n  what  was  at  I  east  a  pragmati  c  change  of  heart,  Bowen  i  mmedi- 
atel  y  took  measures  to  reverse  h  i  s  reputati  on  as  "bel  I  i  gerent  and  tem¬ 
peramental  in  his  contacts  outside  of  the  Navy."  He  and  his  staff 
began  wooing  academic  scientists,  partly  because  Bowen  hoped  many 
of  those  who  had  been  involved  in  theArmy-run  Manhattan  Project 
might  end  up  helping  Ross  Gunn  realize  his  1939  vision  of  a  Navy 
propel  I  ed  by  nuci  ear  energy. 

Bowen  was  keenly  aware  of  the  postwar  reality  that  large-scale 
science  had  become  a  vital  means  for  the  development  of  new  and 
improved  militarytechnologies  Inthepost-WWII  era,  the  Navy  would 
need  an  organization  akin  to  an  OSRD  or  NDRC.  The  Office  of  Re¬ 
search  and  Inventions,  which  less  than  a  year  after  its  creation  was 
renamed  as  the  still  extant  Office  of  Naval  Research  (ONR),  was  the 
answer.  Created  by  an  actof  legislation,  ONR,  which  was  di  recti  y  under 
theauspicesof  the  Office  of  the  Secretary  of  the  Navy,  would  rapidly 
become  a  model  for  a  growing  roster  of  institutions  administering 
funds  to  researchers  AmongthoseinstitutionsaretheOfficeof  Army 
Research  (ARO),  Air  Force  Office  of  Scientific  Research  (AFOSR),  and 
theNational  ScienceFoundation  (NSF),  all  of  which  were  established 
i  n  the  1950s 

Bowen  did  make  one  last  gambit  to  subsume  nuclear  propulsion 
R&D  under  ORI  with  NRL  as  the  main  research  center.  Even  in  late 
January  1946,  two  monthsaftertheChief  of  Naval  Operations(CNO) 
had  set  up  a  special  office— The  Deputy  Chief  of  Naval  Operations 
for  Speci al  Weapons  or  0 P-06— to  oversee thedevel opment  of  nucI ear 
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weapons  and  guided  missiles  to  carry  them,  Bowen  still  shipped  off 
dissenting  memoranda  to  his  bosses 

On  January  26th,  Bowen  sent  a  six-point  policy  proposal  on  the 
subj  ect  of  "N  ucl  ear  Energy  for  the  N  avy"  to  the  Secretary  of  the  N  avy 
andtheChief  of  Naval  Operations  "Legislation  now  pending  for  fed¬ 
eral  control  or  supervision  of  work  in  nuclear  physics  is  of  vital  im- 
portanceto  the  Navy,"  Bowen  wrote  "Piecemeal  comment  bytheNavy, 
obtained  by  the  usual  process  of  shopping  around  for  the  views  of 
bureau  and  office  chiefs,  will  endanger  the  strong  position  which  the 
N  avy  must  take  or  el  se  face  rel  egati  on  to  a  mi  nor  rol  e  We  must  agree 
upon  and  announce  a  firm  policy."^^ 

His  proposal  was  comprehensive  It  included  research  and  devel- 
opmentin  nuclear  propulsion,  nuclear  munitions,  nuclear  medicine 
countermeasures  to  nuclear  munitions  and  basic  nuclear  science  as 
well  as  a  program  to  train  Naval  personnel  "in  the  field  of  nuclear 
energy  and  itsapplications"^'^ 

But  it  was  too  late  Officers  at  the  Bureau  of  Shi  ps,  who  wanted  a 
major  role  in  nuclear  propulsion  for  their  own  bureau  had  already 
established  an  alliance  with  OP-06.  During  internal  Navy  discussions 
abo ut  where  N  avy  n ucl  ear  work  ( i  n  col  I  abo rati  on  wi  th  th e soon  to  be 
formed  Atomic  Energy  Commission)  would  be  centered,  the  Bureau 
of  Ships  won  out.  Admiral  Hyman  G.  Kickover,  one  of  thefew  officers 
who  coul  d  beat  Bowen  i  n  a  contest  of  wi  1 1  and  aggressi  on,  ulti  mately 
woul  d  garner  the  credi  t  for  usheri  ng  the  N  avy  i  nto  the  N  ucl  ear  Age^^ 

Although  OKI  would  not  become  the  Naval  planning  center  of 
nuclear  R&D  that  Bowen  had  envisioned,  he  and  OKI  colleagues 
helped  prepare  a  legislative  bill  that  would  give  the  new  organization 
longevity  beyond  his  own  ambitions  On  August  3,  1946,  President 
HarryS.  Truman  signed  the  bill  establishing  the  Office  of  Naval  Re¬ 
search.  Bowen,  a  man  in  a  high  place  who  nonetheless  had  been 
musci  ed  out  of  the  quest  to  create  a  nuci  earl  y  propel  I  ed  N  avy,  rel  i  n- 
quished  hispostasthehead  of  ORI  in  1947  and  retired  with  the  rank 
of  Vice  Admiral 
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Whileall  ofthisshufflingand  reorganization  wasgoingon  in  the 
upper  echel  on  of  the  N  avy,  research  I  eaders  at  N  RL  were  engaged  i  n  a 
paral  I  el  i  nternal  effort  to  redefi  ne  thei  r  Laboratory.  There  was  a  con- 
tinuumofworkgoingon  with  asnnall  amount  of  basic  research  com¬ 
prising  one  extreme  the  testing  of  equipment  on  the  other,  and  a 
whol  e  I  ot  of  appi  i  ed  sci ence  and  engi  neeri  ng  i  n  between.  The  unani¬ 
mous  call  among  NRL  researchers  was  to  drop  most  of  the  testing 
functions  (except  duri  ng  war  emergencies)  and  to  shift  its  overal  I  re¬ 
search  agenda  toward  the  more  basi  c  research  si  de  of  the  conti  nuum. 
Thescientistshad  more  than  ^mpathetic  backing  from  the  NRL's  new 
military  commander,  H.A.  Schade,  who  took  over  the  helm  of  NRL 
from  Admiral  van  Keuren  (Bowen's  successor  at  NRL)  at  the  end  of 
1945. 

M  embers  of  a  steeri  ng  committee  that  Schade  had  set  up  to  gui  de 
the  postwar  remaki  ng  of  N  RL  arti  cul  ated  the  deep  and  perhaps  most 
i  mportant  reason  why  N  RL  had  to  become  a  haven  of  basi  c  research : 
"I  t  i s  one  of  the  pecul  i  ah ti  es  of  hi  gher  techn i  cal  tal  ent  that  i  ndi  vi  du¬ 
al  s  possessing  it  have  a  greater  interest  in  the  problems  of  science 
than  they  do  in  specific  engineering  applications.  Accordingly,  if  the 
requisite  technical  talent  is  to  be  maintained  at  the  Naval  Research 
Laboratory,  and  if  development  work  isto  take  full  advantage  of  ad¬ 
vances  in  puresciencethisinstitution  will  havetoenoace in  scientific 
work  that  i  s  not  i  mmedi  atel  v  rel  ated  to  end  neeri  no  devel  opment  of 
applied  research  [emphasis  in  original  I.Thischaracter  of  work  isoen- 
eral  I  y  cal  I  ed  'Research 

The  end  of  War  World  II  and  the  creation  of  ON R  ensured  that 
N  RL,  O  N  R's  pri  mary  i  n-house  research  outi  et,  fi  nal  I  y  woul  d  havefer- 
tilegroundforthegrowth  of  basic  research  alongside  and  in  comple- 
mentto,theLaboratory'smoreestablished  hi  story  of  applied  research. 
Ratherthan  relyingon  fundsfrom  the  mission-oriented  Navy  bureaus, 
large  portions  of  NRL's  research  budget  began  to  come  from  ONR, 
which  wasindependentof  any  bureau.  In  that  sense  NRL  found  itself 
in  its  best  position  ever  to  emul  ate  the  nation's  great  corporate  labo¬ 
ratories]  ust  as  NRL's  founders  envisioned  itshould  backin  theeraof 
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World  War  I .  Research  that  was  in  the  near-  or  long-term  interest  of 
thecorporation— in  thiscasetheNavy— was  fair  game  Finally,  basic 
research  had  become  an  officiallysanctioned  andfinanciallysupported 
component  of  N  RL's  research  portfol  i  o. 

To  lure  top-notch  talentin  the  postwar  years  when  demobilized 
scientists  would  have  many  career  options,  some  prominent  mem¬ 
bers  of  the  N  RL  community  even  proposed  that  the  Laboratory  com¬ 
bi  ne  the  best  of  corporate  lab-life  with  the  perks  of  the  academic 
lifestyle  Ross  Gunn  was  one  of  them: 

"The great  attraction  of  university  life  isthethree  month  summer 
vacation  accompanied  by  a  two  week  break  at  the  Christmas  holi¬ 
days  I  think  we  could  better  our  employment  position  if  we  could 
establish  the  work  of  this  Laboratory  on  a  nine-month  a  year 
basis. . .  Itseemsto  methat9monthsdutywith  the26  day  leave  pro¬ 
rated  and  a  sal  ary  of  75%  of  the  base  sal  ary  mi  ght  provi  de  fl  exi  bi  I  ity 
enough  so  that  we  could  compete  probably  quite  successfully,  with 
the  universities"^® 

Even  without  the  promise  of  summers  off,  the  new  postwar  N  RL 
began  attracting  scientists  of  the  highest  caliber.  Perhaps  most  em¬ 
blematic  was  the  arrival  in  1946  of  Jerome  Karl  e  who  had  done  pi  u- 
toni  um  metal  I  urgy  for  the  bomb  pro]  ect  at  the  M  etal  I  urgi  cal  Labora¬ 
tory  located  at  theUniversity  of  Chicago.  He  actually  began  working 
for  N  RL  i  n  1944  as  part  of  a  research  contract  with  hi  s  graduate super- 
vi  sor  at  the  U  ni  versi  ty  of  M  i  chi  gan.  Thi  rty-ni  ne  years  after  arri  vi  ng  at 
NRL,  he  and  NRL  colleague  Herbert  Hauptman  (who  arrived  at  the 
Laboratory  i  n  1947)  woul  d  become  co-reci  pi  ents  of  a  N  obel  Pri  zefor 
work  that  helped  make  X-ray  crystallography  a  household  tool  for 
chemists  and  physicists  seeking  to  reveal  the  anatomy  of  molecules 
and  materials  (see  Chapter  U).  It  would  be  quite  a  victory  for  the 
Laboratory  because  the  Prize  was  awarded  to  Karle  and  Hauptman 
for  thei  r  unabashedi  y  basi  c  research— not  appi  i  ed  sci  ence  engi  neer- 
ing,  or  equipment  testing.  Itwasadramaticendorsement  for  the  vi¬ 
sion  of  Gunn  and  his  col  leagues  to  build  an  academic  model  of  re¬ 
search  into  N  RL's  culture 
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With  Jerome  Karl e  arrived  his  wife  Isabella  Karle  who  also  was 
desti  ned  for  greatness  Somesay  her  mathemati  cal  i  nsi  ghts  i  nto  prob¬ 
lems  of  crystal  I  og'aphy  should  have  earned  her  part  of  the  Nobel  Prize 
that  her  husband  and  Hauptman  would  share  Isabella  Karle's  early 
work  at  NRL  provided  key  mathematical  tools  that  opened  up  to  de- 
fi  ni  ti  ve  crystal  I  ographi  c  anal  yses  enormous  cl  asses  of  chemi  cal  com¬ 
pounds  previously  considered  too  complicated  for  such  procedures 
Like  her  husband,  she  would  go  on  to  win  a  raft  of  science's  most 
coveted  awards  and  honors  including  the  National  Medal  of  Science 
in  1995. 

Th e  Karl  es  were]  ust  two  of  th e  n ew  breed  of  research ers  th at  wou I  d 
help  usher  NRLoutof  itsrelativeisolation  behind  a  fence  of  military 
security  i  nto  the  I  arger  and  more  open  fraternity  of  the  ci  vi  I  i  an  sci  en- 
tific  community.  Another  was  Herbert  Friedman,  the  man  who  actu¬ 
ally  hired  the  Karles  Friedman  himself  was  hired  into  the  Physical 
0  pti  cs  D  i  vi  si  on  by  H  ul  hurt  i  n  1941  to  devel  op  new  ki  nds  of  I  i  ght  and 
radiation  detectors.  ThiswasfittingsinceHul  hurt  was  hired  in  1924 
with  thethen  dreamy  vision  that  basic  research  would  soon  take  hold 
at  the  Laboratory.  1 1  actual  I  y  took  nearl  y  25  years  for  that  to  happen . 

Although  Friedman's  initial  work  during  WWII  centered  on  de¬ 
vel  oping  radiation  measurement  tools  he  would  become  smitten  with 
a  remarkable  spoil  ofwar— theopportunityto  put  measurement  tools 
atop  the  worl  d's  most  powerful  rockets  that  the  N  azi  s  used  as  terror 
weapons  toward  the  end  of  the  war.  Friedman  would  become  a  vis¬ 
ible  top-tier,  pioneer  in  rocket- bo  me  research.  Hewould  help  launch 
NRL,  the  country,  and  humanity  into  the  Space  Age  A  profile  of  Fried¬ 
man  that  appeared  in  the  September  22,  1960  edition  of  The  New 
Sc/eit/sf  assessed  hiscareer  with  these  words:  "thecontributions  which 
he  has  made  to  the  exploration  of  space  stand  in  comparison  with 
thoseof  any  other  single  person. Even  today,  Friedman  continues 
maki  ng  contri  buti  ons  i  n  his  rol  e  as  chi  ef  sci  entist  emeritus  of  the  E.O 
H  ul  hurt  Center  for  Space  Research,  an  entity  created  at  N  RL  to  attract 
tal  ented  graduate  students  and  future  N  RL  I  umi  nari  es 
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Richard  Tousey,  who  died  in  1997  at  the  age  of  89,  was  hired  at 
about  the  same  time  as  Friedman.  After  the  war,  he;  too,  would  fall 
head  over  heels  into  rocket-borne  research.  Whereas  Friedman  would 
hel  p  the  worl  d  see  the  way  the  cosmos  col  or  the  sky  and  bathe  the 
Earth  in  invisible  X-rays,  Tousey  would  do  the  same  for  ultraviolet 
radi  ati  on .  Li  ke  a  tag  team,  the  two  woul  d  hel  p  make  N  RL  one  of  the 
most  important  centers  of  space  science  prior  to  the  Congressional 

creation  of  the  National  Aero¬ 
nautics  and  SpaceAdministra- 
tion  (NASA)  in  1958. 

Like  bookends,  the  work 
of  the  Karl  es  and  of  Fri  edman 
and  Tousey  would  come  to 
bracket  thevastlydiverse  scales 
of  the  universe  from  the  di¬ 
minutive  inner  space  of  crys¬ 
tal  sto  the  vast  reaches  of  outer 
space  Almost  every  level  and 
type  of  phenomenon  became 
legitimate  foci  for  research  at 
NRL,  so  long  as  there  was 
somedefensi  bl econnecti on  to 
Naval  interests  and  needs. 

In  keeping  with  the  post¬ 
war  trend  toward  a  more  academic  model  of  research,  the  Laboratory 
created  a  new  top  office— director  of  research— designated  for  civil- 
i  an  occupati  on.  I  n  1949,  FI  ul  hurt  became  the  Laboratory's  fi  rst  di  rec¬ 
tor  of  research.  With  this  new  offi  ce  i  n  pi  ace  more  effect!  ve  pi  anni  ng 
was  possible  between  theLaboratories  support  services  and  its  research 
program. 

A  new,  more  academic  research  culture  was  taking  root  at  NRL 
alongside  the  older  engineering  culture  that  had  characterized  NRL 
sinceitopened.  Although  thisnew  research  culture  was  new,  itstarted 
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off  with  robust  support.  NotonlydidthelikesofRossGunn,  Herbert 
Friedman,  Richard  Tousey,  the  Karl es,  and  many  others  within  NRL's 
gates  embrace  it,  so  too  di  d  the  Offi  ce  of  N  aval  Research  from  whi  ch 
much  of  NRL's  research  budget  would  comein  these  transitional  years. 
Admi  ral  Bowen  may  have  I  ost  N  RL  the  chance  to  become  a  center  of 
nuclear  research,  but  he  ended  up  securing  for  the  Laboratory  the 
right  even  the  mandate  to  do  the  kind  of  basic  research  that  would 
earn  it  respect  in  thescientific  community  at  large 


Chapter  8 


TurningVengeance 
Weapons  into  a  Space  Age 


Nothing  influenced  the  fate  of  NRL's  postwar  research  program 
and  image  more  than  an  instrument  of  warfare  designed  by  Nazi  sci¬ 
entists  and  engineers— the  Verge!  tun  gswaffe;  the  Vengeance  Weapon. 
Bui  It  i  n  theworl  d's  I  argest  underground  factory  by  slavel  aborers  who 
were  systemati  cal  I  y  worked  to  death/  the  rocket-powered  mi  ssi  I  e  be¬ 
came  known  morefami  Marly  as  the  V-2  bomb,  theweapon  that  rained 
terror  down  on  English  territory  toward  the  end  of  the  war. 

At  launch,  each  V-2  stood  46  feet  high,  weighed  14  tons  (includ- 
i  ng  a  oneton  warhead) ,  and  typi  cal  ly  coul  d  travel  nearl  y  200  mi  I  es  i  n 
an  arcthat  would  take  it  to  an  altitudeof  over  60  miles^  Of  the  3,000 
V-2s  produced  bytheNazisbytheend  of  thewar,  about  1,000  reached 
England.^  Although  the  rain  of  V-2son  Londoners  was  terrifying  and 
deadly,  the  V-2  had  no  bearing  on  the  outcome  of  the  second  great 
world  war.  It  was  after  the  war  that  the  V-2  rocket,  sans  warheads* 
would  change  the  world.  The  Naval  Research  Laboratory  would  have 
everything  to  do  with  it. 

Theman  most responsiblefor steeri ngtheV-2  into  NRL'sfate was 
physicist  Ernst  Krause  Krause  grew  up  on  a  farm  in  Wisconsin  and 
earned  a  bachelor's  degree  in  electrical  engineering  during  the  De- 
pressi  on  years  when  j  obs  were  scarce  I  n  I  i  eu  of  a  j ob,  he  conti  n ued 
his  education,  earning  a  PhD  in  physics  In  1938,  the  year  Germany 
invaded  Poland,  he  joined  Claud  Cl eeton's  Communications  Sec- 
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unity  Section  in  NRL's  Radio  Division.  The  section's  proposed  mis- 
si  on  was  to  devel  op  a  mi  crowave-based  ^em  for  sendi  ng  secure  mes¬ 
sages  From  there;  Krause  ascended  quicklyduringwartimeto  become 
coordinator  of  guided  missile  research— an  offshoot  of  pioneering 
N  RL  work  i  n  the  1920s  i  n  radi  o-control  I  ed  ai  rcraft.  H  e I  ater  succeeded 
Cleeton  assertion  head.  Duringthewar,  Krause  had  known  as  much 
as  anyone  about  guided  missiles  since  his  section  worked  on  many 
key  aspects  of  such  weaponry  includingtelemetry,  guidance  and  coun¬ 
termeasures  He  had  also  learned  the  important  managerial  skill  of 
coordi  nati  ng  the  arti  viti  es  of  many  differenti  y  trai  ned  researchers  to 
achieve  very  compi  i  cated  ends^ 

At  the  end  of  the  war,  the  U  .S.  Army  had  captured  the  subterra¬ 
nean  V-2  factory  near  Niedersachswerfen  just  before  the  treaty-sanc¬ 
tioned  Russian  occupation  of  this  part  of  Germany  had  actually  be- 
gun .  At  fi  rst,  no  one  at  N  RL  knew  of  thi  s  acqui  si  ti  on .  As  preparati  ons 
for  thetransiti  on  to  the  Russi  ans  were  underway,  the  Army  packed  up 
360  metric  tons  of  V-2  parts  and  equipment  and  shipped  the  rocketry 
booty  back  to  White  Sands,  New  Mexico  where  the  Army  was  estab¬ 
lish!  ng  a  missi  letesti  ng  ground.  The  Army  wanted  to  usethe  V-2s  asa 
tool  for  I  earning  how  to  handle  and  launch  big  rockets^ 

Meanwhile  Krause  had  been  learning  about  the  German  missile 
and  rocketry  work.  He  was  among  a  cadre  of  American  scientists  who 
went  to  Europeon  postwar  technical  missi  ons  to  interrogate  German 
scientists  and  engineers  One  of  the  frightening  discoveries  of  these 
missions  was  a  plan  by  German  scientists  to  build  a  US-foot  long 
submerged  cyl  i  nder  that  N  azi  submari  nes  coul  d  tow  to  the  coasts  of 
theUnited  States,  raise  to  a  vertical  position  byfloodingoneend,  and 
then  use  the  skyward  pointing  tube  to  launch  V-2  strikes® 

Krause  returned  from  Germany  with  a  rocket-fi  1 1  ed  vi  si  on  of  N  RL's 
near  future  N  ew  weapons  were  one  thi  ng,  but  i  n  the  spi  rit  of  N  RL's 
postwar  campai  gn  to  repi  ant  basi  c  sci  ence  on  its  grounds  Krause  be 
gan  pushing  the  idea  of  rockets  as  an  exciting  new  tool  that  would 
bring  a  new  era  of  upper  atmosphere  research.  With  rockets,  NRL's 
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sci  enti  stsfi  nal  I  y  woul  d  have  a  means  of  I  ofti  ng  measuri  ng  i  nstruments 
beyond  theoften  obscuring,  even  blinding,  effects  of  the  atmosphere 

Krause  was  not  alone  in  his  enthusiasm.  NRL's  military  director. 
Commodore  Schade  had  been  a  major  participant  and  designer  of 
the  Navy  technical  mission  to  Europe  and  was  well  aware  of  the  Ger¬ 
man  work  in  guided  missiles  and  rocketry.^  Moreover,  even  before 
anyone  at  NRL  knew  about  the  V-2s  captured  by  the  Army,  Milton 
Rosen,  one  of  Krause's  col  leagues,  had  proposed  bull  ding  a  research 
rocket.  N  RL  now  had  the  means  and  the  wi  1 1  to  bri  ng  rockets  i  nto  its 
research  portfolio. 

Krause's  lobbying  paid  off.  On  December  17,  1945,  what  previ- 
ouslyhad  been  known  as  theGuided  Missiles  Subdivision  oftheSpe- 
cial  Electronics  Research  and  Development  Division  became  known 
as  the  Rocket  Sonde  Research  Subdivision  (or  Section).  Unlike  later 
rockets  that  would  send  satellites  into  orbit,  a  rocket  sonde  merely 
shoots  ashigh  asits  fuel  will  takeitbefore  falling  back  to  Earth,  atrip 
that  lasts  only  a  few  minutes  at  best. 

Krause  was  assigned  head  of  the  new  section.  Its  functions  were 
defined  in  Laboratory  Order  No.  46-45  as  follows:  "to  invest!  gate  the 
physi  cal  phenomena  i  n  and  the  properti  es  of  the  upper  atmosphere 
with  a  view  to  supplying  knowledge  which  will  influence  the  course 
of  future  military  operations"  To  carryout  these  functions  the  sec¬ 
tion  was  charged  with  doing  the  basic  research  to  develop  the"tech- 
niques  instrumentation,  and  devices  required."®  Its  members  would 
become  some  of  this  country's  first  rocket  scientists  by  reading  the 
intelligence  reports  of  the  technical  missions  to  Europe® 

The  Rocket  Sonde  Research  Section  would  drop  like  an  intense 
dye  smack  i  nto  the  swi  rl  i  ng  center  of  N  RL.  It  woul  d  col  or  much  of 
the  basi  c  research  that  over  the  next  few  decades  woul  d  put  N  RL  more 
visiblyonthescientificmapthen  ithad  ever  been  beforejohn  Hagen, 
a  radi  o  researcher  at  N  RL  duri  ng  the  war,  pi  ayed  a  I  ead  rol  e  i  n  bri  ng- 
i  ng  the  worl  d  i  nto  the  Space  Age  Thi  s  rol  e  woul  d  pi  ace  hi  m  squarely 
in  the  media  spotlight  in  the  late  1950s  He  later  looked  back  and 
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summarized  NRL's  hi  story  up  to  then  asathree-stagestructure  In  the 
1973  Report  of  NRL  Progress,  an  annual  account!  ng  of  research  at  the 
Laboratory,  Hagen  wrote:  "The  Naval  Research  Laboratory  was  born 
outof  World  Warl.  It  grew  to  maturity  in  preparing  for  World  War  II, 
excellingin  its  achievement  during  the  War.  Itblossomed  into  afull- 
fl  edged  sci  enti  fi  c  i  nsti  tuti  on  i  n  appi  yi  ng  the  tal  ents  of  i  ts  peopi  e  after 
the  war."“  The  biggest  petal  on  this  blossom  was  rocket-based  sci¬ 
ence 

When  the  Rocket  Sonde  Research  Section  formed,  the  Army  al¬ 
ready  had  contracted  thejet  Propulsion  Laboratory  (which  budded 
from  the  California  Institute  of  Technology  (Cal  Tech)  during  World 
War  1 1  and  is  now  operated  by  Cal  Tech  for  NASA)  to  develop  a  rocket 
that  could  carry  25  pounds  of  meteorological  equipment  to  altitudes 
of  about  20  miles.  But  the  rocket  that  would  come  out  of  this  pro¬ 
gram,  the  Wac  Corporal,  would  be  too  small  to  carry  enough  of  a 
sci  entifi  c  payl  oad  high  enough  to  meet  the  Rocket  Sonde  researchers' 
needs  So  Krause  and  histeam  were  poised  attheend  of  1945  for  the 
I  ong  haul  of  devel  opi  ng  a  rocket  that  coul  d  meet  thei  r  specifi  c  needs 

Then  onjanuary?,  1946,  acadreof  membersofthesection  learned 
from  Lt.  Col .  J  .G.  Bai  n  of  the  Army  Ordnance  Department  about  the 
captured  cache  of  V-2  parts,  enough  perhaps  to  reconstruct  100  rock¬ 
ets^  The  Army's  i  nterests  i  n  fi  ri  ng  the  rockets  I  argel  y  were  mi  I  i  tary  i  n 
nature— to  I  earn  how  to  handl  e  use;  and  track  rockets  of  V-2  di  men- 
sions  But  Bain  also  indicated  that  the  Army  was  interested  in  gather¬ 
ing  data  about  the  upper  atmosphere  If  anyone  was  goingto  beshoot- 
i  ng  rockets  around  the  upper  atmosphere;  they  needed  to  know  what 
that  pl  ace  was  I  ike— its  temperature  ranges,  compositions  and  pres 
sures  This  was  a  research  endeavor  the  Army  was  ill-equipped  to  pur¬ 
sue  on  its  own. 

So  there  was  the  U  .S.  Army  about  to  fi  re  the  worl  d's  bi  ggest  and 
most  powerful  rockets,  but  they  had  no  atmospheric  measurement 
tools  to  loft  on  them.  And  there  was  N  RL  with  a  new  research  section 
ai  mi  ng  to  do  rocket-borne  research  of  the  upper  atmosphere  yet  ex¬ 
pect!  ng  to  wait  2  years  before  having  a  suitable  rocket  in  hand  made 
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by  a  not-yet  specified  contractor.  When  Bain  invited  the  Rocket  Sonde 
Research  Secti  o  n  to  take  part  i  n  th  e  effo  it  to  measu  re  pro  perti  es  of  th  e 
upper  atmosphere;  the  idea  "was  enthusiastically  received  and  ac¬ 
cepted,"  Krause  wrote  i  n  the  secti  on's  fi  rst  report  on  thei  r  V-2  work.^^ 

NRL  was  not  alone  in  its  interest  in  rocket-borne  research.  The 
Army  Signal  Corps  Laboratory,  which  had  developed  radar  alongside 
N  RL  i  n  the  1930s  and  duri  ng  warti  me;  was  getti  ng  i  n  on  the  wave  So 
was  the  AppI  i  ed  Physi  cs  Laboratory,  a  I  egacy  of  the  warti  me  N  RDC 
linkto  Johns  Hopkins  University  (whose  initial  mission  was  the  de¬ 
velopment  of  proximity  fuzes).  These  were  among  the  dozen  organi¬ 
zations  with  scientists  interested  in  thecaptured  V-2  asnew  research 
tools.  General  Electric  (which  the  Army  contracted  to  run  White 
Sands), Watson  Laboratories,  the  National  Bureau  of  Standards,  as 
well  as  several  universities  were  all  in  on  the  rockets. 

In  mid-January,  the  "V-2  Upper  Atmosphere  Research  Panel," 
which  was  composed  of  representatives  from  these  interested  parti  esy 
convened  for  the  fi  rst  ti  me  to  coordi  nate  research .  I  ts  fi  rst  act  was  to 
el  ect  Krause  as  chai  rman,^'^  a  move  that  i  mmedi  atel  y  put  N  RL  at  the 
titular  forefront  of  rocket-borne  research  in  the  United  States  Just 
three  months  later,  on  April  16, 1946,  thefi  rst  American-launched  V- 
2  roared  skyward  from  White  Sands  Some  60  more  V-2s  would  fol¬ 
low  suit  over  the  next  4V2  years  NRL's  Herbert  Friedman,  who  wit¬ 
nessed  many  of  these  launches,  wrote: 

"N  0  matter  how  many  times  you  witnessed  it,  thelaunch  of  these 
rockets  wasalwaysinspiring.  A  fter  theshort-lived  bursts  and  rapid 
acceleration  that  characterized  the  firings  of  small  rockets,  the 
slow,  majestic  rise  of  the  \l-2  and  the  sudden  vanishing  of  the 
roar  oftherocketin  the  eerie  quiet  of  burnout  was  a  breathtaking 
experience  Silent,  snaking  vapor  trails  marked  the  passage  of  the 
rocket  through  the  stratosphere,  and  sound  returned  only  near 
landing  whei  shock  waves  reverberated  from  the  mountains 

Theprogram  had  a  healthy  portion  of  difficulty,  however.  Though 
far  more  powerful  than  the  Wac  Corporal ,  V-2s  i  n  fact  were  desi  gned 
to  transport  explosives  into  enemy  territory,  not  to  carry  scientific  in- 
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strumentation  to  great  atmospheric  heights  "Eleven  hundred  pounds 
of  lead  have  been  poured  intothenoseof  aV-2  when  the  instrument 
I  oad  was  i  nsuff  i  ci  ent  to  provi  de  stati  c  stabi  I  i  ty, "  recal  I  ed  M  i  I  ton  Rosen 
and  Richard  Snodgrass,  members  of  Krause's  Rocket  Sonde  Research 
Section.“TheV-2'stechnology  also  was  replete  with  bugs,  not  made 
any  easi  er  by  thefact  that  these  were  German-desi  gned  vehi  cl  es  bei  ng 
assembled  in  theUnited  States  with  American  crews,  albeit  with  the 
help  of  some  of  the  German  scientists  and  engineers  that  had  devel¬ 
oped  the  missile  in  the  first  place  According  to  Friedman, 

“The  first  fiveofthehugerocketsall  returned  nose  down  in  stream- 
iined  fiight  and  buried  their  puiverized  remains  in  craters  about 
30  feet  deep  and  80  feet  in  diameter.  One  reversed  direction 
from  north  to  south  and  headed  for  Ei  Paso,  Texas,  it  crossed  the 
Mexican  border  and  struck  next  to  Tepeyac  Cemetery,  about  a 
miie  and  a  haif  from  Juarez.  The  impact  bareiy  missed  a  ware¬ 
house  fuii  of  commerdai  biasting  powder  and  dynamite  This 
even  may  be  recorded  as  the  first  U  .5.  baiiistic  missiie  strike  on 
foreign  soii. 

Krause  and  others  i  n  the  rocket  sci  ence  arena  al  ways  had  consi  d- 
ered  theV-2s  as  stopgap  vehicles  for  a  new  field  of  rocket-borne  re¬ 
search  that  would  outlastthesupplyof  theGerman  missiles  Even  as 
preparationsforthefirst  White  SandsV-2  launch  wasunderway  Krause 
and  Rosen  of  N  RL  agreed  with  the  AppI  i  ed  Physi  cs  Laboratory  to  j  oi  ntl  y 
oversee  an  APL-devel  oped  sci  entifi  c  rockdt— cal  I  ed  theAerobee— based 
on  an  engine  designed  by  the  Aerojet  Engineering  Company And 
for  the  longer  term  supply  of  more  capable  rockets,  NRL  began  de¬ 
signing  its  own  rocket.  It  would  become  known  astheViking. 

Despite  the  harrow!  ng  crapshoot  that  each  V-2 1  aunch  amounted 
to,  NRL  researchers  quickly  began  reaping  the  kinds  of  scientific  riches 
they  had  envisioned  would  come  with  rockets  Thefirst  to  bring  home 
gold  was  Richard  Tousey  and  his  colleagues  in  the  Optics  Division 
who  had  become  infected  with  the  enthusiasm  of  Krause's  Rocket 
Sonde  Research  Section. 
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Tousey  washired  into  theOptics Division  in  1941  to  do  research 
on  the  upper  atmosphere  ItisnosurprisethatE.  O.  Hulburt,  thefirst 
sci  entist  hi  red  at  N  RL  with  theexpressed  freedom  to  choose  histopi  c 
as  an  academic  might,  would  betheoneto  hi  rescientists  I  ike  Richard 
Tousey  and  H  erbert  Fri  edman  who  woul  d  real  i  ze  the  i  deal  of  N  RL  as 
a  bastion  of  basic  research  unfolding  side-by-side  with  applied  re¬ 
search  and  engineering. 

When  word  of  NRL's  access  to  V-2s  started  percolating  beyond  the 
founders  of  the  Rocket  Sonde  Research  Section,  Hulburt  immedi¬ 
ately  saw  immense  potential.  After  all,  he  had  devoted  much  of  his 
research  to  reveal  i  ng  and  measuri  ng  the  physi  cal  features  of  the  up¬ 
per  atmosphere  that  affect  long-distance  communication.  This  led  to 
important  results  including  empirically  derived  protocols  enabling 
N  avy  radio  operators  to  determi  ne  what  wavel  engths  to  use  at  differ¬ 
ent  times  and  locations  Useful  as  that  may  have  been,  Hulburt  and 
his  colleagues  still  wanted  to  understand  the  atmospheric  phenom¬ 
ena  that  coerced  them  i  nto  devel  opi  ng  such  protocol  s  i  n  thefi  rst  pi  ace 

Everyone  knew  that  radiation  from  the  Sun  was  what  set  these 
upper  atmosphere  mechanisms— i  ncl  udi  ng  thefi  uctuati  ng  character 
of  the  ionosphere— into  motion.  A  theoretical  understanding  of  what 
was  going  on  had  been  elusive  however.  A  big  part  of  the  problem 
was  that  so  much  of  that  solar  radiation  could  never  makeit  beyond 
the  absorptive  upper  reaches  of  the  atmosphere  to  measuri  ng  i  nstru- 
ments  bel  ow.  H  ul  hurt  coul  d  see  that  rockets  coul  d  break  through  the 
blindness  imposed  bytheveryatmospherehewantedto  understand. 

Togethisdivision  in  on  the  new  game  Hulburt  challenged  Tousey 
to  put  a  spectrograph  on  aV-2.  That  way,  asheandTouseyboth  knew, 
an  i  nstrument  capabi  e  of  detect!  ng  the  spectrum  of  ultravi  ol  et  radi  a- 
tion  would  for  the  first  time  soar  above  the  stratospheric  ozone  layer 
which  absorbs  all  UV  wavel  engthsshorter  than  3000  angstroms.  (The 
ul  travi  ol  et  spectrographs  the  N  RL  researchers  contai  ned  sped  al  grat- 
ingsof  ultrafine  lines  that  reflect  different  wavelengths  of  UV  radia- 
ti  on  to  different  degrees,  thereby  spati  al  ly  separati  ng  the  many  com- 
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A  V-2  rocket  is  raised  into  bunching  position  at  the  White  Sands  Proving  Grounds 
in  Nevada  on  December  5,1946. 


po n ent  wavden gths  of  a  UV  source  into  its  individual  components 
The  separated  light  can  be  projected  onto  and  recorded  by  a  photo¬ 
graphic  pi  ate  The  resulti  ng  exposure  represents  the  source's  rai  nbow 
of  UV  I  ight,  otherwise  known  as  a  UV  spectrum) . 

Tousey's  interest  in  measuring  the  extreme  ultraviolet  radiation 
began  in  hisgraduatedayswhen  heworked  underHarvard  University 
Professor  TheodoreLyman.  Lyman  had  devdoped  techniques  to  mea¬ 
sure  UV  spectra  emitted  by  excited  chemical  species  such  as  hydrogen 
atoms  that  are  trapped  insideof  a  vacuum  where  airwould  beunable 
to  absorb  the  more  extreme  UVwavdengths  One  of  those  hydrogen- 
derived  wavdengths,  measured  at  1215.7  angstroms,  became  known 
asLyman-alpha. 

Atmospheri  c  researchers  began  to  suspect  i  n  the  1920sthat  Lyman- 
alpha  emission  might  play  a  large  role  in  the  dectron-energizing 
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mechanisms  behind  the  ionosphere  This  was  not  mereiyan  academic 
i ssuesi  nee radi o  fadeout  appeared  i  i  nked  to  changes i  n  the i onosphere 
wrought  bysoiar  activity.  KnowiedgeofthisSun-ionosphere-commu- 
ni  cati ons  dynami c,  therefore;  became  i  mportant  to  the  N avy. 

One  possi  bi  e  mech  an  i  sm  beh  i  n  d  th  e  f  adeouts,  wh  i  ch  cou  i  d  i  nter- 
fere  with  Navai  communication  for  days,  invoived  the  injection  of 
soiar  energy  (in  uitravioiet  and  X-ray  ranges)  into  atoms  in  the  Earth's 
upper  atmosphere  This  process  wouid  generate  popuiations  of  free 
ei  ectrons  i  n  certai  n  regi  ons  of  the  upper  atmosphere  thereby  affect¬ 
ing  the  ionosphere  And  that  couid  heip  expiain  such  phenomena  as 
fadeoutsthat  coincide  with  high  sunspot  activity  Without  direct  mea¬ 
surement  above  most  or  aii  of  the  stratospheric  ozone  ieveis  where 
most  of  the  extreme  uitravioiet  radiation  (inciudingLyman-aipha)  is 
absorbed,  however,  noonecouidteii  if  thismechanism  was  anything 
more  than  an  inteiiectuai  iy  satisfying  story.  Hui  hurt,  Tousey,  andtheir 
coi  i  eagues  hoped  a  U  V  spectrograph  i  n  the  nose  cone  of  a  V-2  woui  d 
hei  p  them  to  separate  fact  from  fi  cti  on  i  n  thi  s  scenari  o. 

Their  first  try  took  pi  ace  on  June  28,  1946.  it  was  the  sixth  V-2 
shot.  The  rocket  i  i  fted  off  from  i  ts  i  aunch  si  te  at  Wh  i  te  Sands  and  then 
careened  back  to  Earth.  With  nothingto  siow  its  descent,  itsimpact 
created  a  crater  from  which  virtuaiiynothingfrom  the  rocket,  inciud- 
ingthespectrograph,  was  recovered  intact  or  even  in  recognizabieform. 

The  ending  wouid  be  different  for  the  tweifth  V-2  flight,  which 
took  piace  on  October  10.  Tousey  had  equipped  it  with  a  new  spec¬ 
trograph,  thistimeiocatingiton  one  of  the  rocket's  four  stabiii zing 
fins  rather  than  in  the  more  vuinerabie  nose  cone  Aiso,  upon  its  de¬ 
scent,  operators  remotei  y  bi  asted  the  V-2  i  nto  i  ess  streami  i  ned  parts 
that  wouid  descend  more  siowiy.  This  time  Tousey  was  abie  to  re¬ 
trieve  thespectrograph.  it  harbored  data  no  onehad  seen  before— the 
soi  ar  U  V  spectrum  down  to  2200  angstroms  Thi  s  heretofore  unmea¬ 
sured  part  of  theSun's  U  V  emi  ssi  on  wascai  i  ed  the  "new  U  V."  A  subse¬ 
quent  V-2  fi  i  ght  on  M  arch  7, 1947  yi  ei  ded  300  new  U  V  i  i  nes  between 
3000  and  2200  angstroms,  with  which  theNRL  scientists  were  abie  to 
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(a)  On  March  7,1947,  NRL  scientists,  using  a  \/-2  rocket  as  a  piatform  for  measure¬ 
ment  equipment,  obtained  this  soiar  uitravioiet  spectrum  showing  more  detaii  and 
extending  to  shorter  waveiengths  than  was  possibie  with  earth  bound  instruments. 


(b)  Schematic  depiction  of  the  instrumented  \/-2.  Note  the  fin  iocation  of  the  spectro¬ 
graph  that  produced  the  above  UV  spectrum. 
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identifythepresenceof  17  chemical  dementsintheSun.^®  These  were 
the  shortest  UV  wavdengths  ever  measured  from  the  Sun,  but  the 
spectrum  di d  not  reach  I ow  enough  to  i ncl udethe Lyman-al pha  line 
an  extreme  U  V  wavd  ength  a  ful  I  1000  angstroms  shorter  than  any  I  n 
the  "new  UV." 

These  first  flights  only  whetted  the  scientists'  appetites  After  all, 
the  atmosphere  not  only  rdentlessly  screened  UV  radiation  bdow 
3000  angstroms  from  earth-bound  and  balloon-borne  instruments 
but  it  also  had  blocked  transmission  of  many,  not  all,  of  the  even 
hi  gher  energy  cosmi  c  emanati  ons,  i  ncl  udi  ng  X-rays  and  gamma  rays 
The  same  was  true  for  much  of  the  infrared  radiation  and  low-fre¬ 
quency  radi  o  waves  bd  ow  20  ki  I  ohertz.  I  n  effect,  before  1946  and  the 
first  V-2  flights,  the  atmosphere  had  blinded  scientists  to  a  plethora 
of  astronomical  "colors"  that  harbored  endless  discoveries  about  the 
atmosphere;  the  Sun,  and  the  universe 

Spectrograph!  c  measurement  of  those  shorter  and  fai  nter  wave¬ 
lengths  was  hampered  by  the  V-2's  tendency  to  spin  and  process  asit 
rode  out  its  parabolic  path  from  launch  to  peak  to  crash  site  The 
lithium  fluoride  crystal  windows  of  Tousey's  spectrographs  would 
only  directly  point  at  the  Sun  when  the  wi ndows  happened  to  have 
the  correct  orientation  as  the  rocket  spun  rather  unpredictably 

To  gather  better  and  more  reveal  i  ng  data,  the  N  RL  team  deci ded 
to  devdop  a  "sun-follower,"  a  gadget  that  would  rdy  on  a  photo- 
dectric  tube  to  monitor  the  location  of  the  Sun  with  respect  to  the 
rocket  orientation  and  then  send  signals  to  a  mechanical  servo  sys¬ 
tem  that  would  reorient  the  spectrograph  in  the  nose  cone  so  that  it 
woul  d  spend  more  preci  ous  seconds  of  thefew  mi  nutes  each  V-2  was 
al  oft  actual  I  y  po  i  nti  n  g  toward  i  ts  so  I  ar  target. 

"Mostofthesun-follower'sdectronicand  mechanical  sterns  were 
adopted  di  recti  y  from  a  radar  track!  ng  unit  devd  oped  at  M  IT's  Radi  a- 
tion  Laboratory  during  the  war,  with  thesubstitution  of  a  light-sensi¬ 
tive  reed  ver  for  the  radio-frequency  radar  system,"  according  to  his¬ 
torian  of  technology  Bruce  Hevley  who  carefully  investigated  NRL's 
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role  in  early  rocket-based  astrononny.2°  The  NRL  team  was  quickly 
abl  e  to  adapt  the  wait!  me  radar  tracker  i  nto  a  peaceti  me  star-tracker. 

Unfortunately,  Tousey  and  his  col  leagues  were  frustrated  in  their 
attempts  to  bethefirstto  measure  thecoveted  Lyman-al  pha  emission 
by  a  string  of  five  consecutive  launch  failures  involving  V-2  rockets 
and  onenewlyavailableAerobee rocket thatNRL  had  received.  Better 
fortune  befell  a  group  at  the  University  of  Colorado  who  had  devel¬ 
oped  a  less  weighty  sun-follower  under  an  Air  Force  contract.  Their 
stabilized  spectrograph  finally  did  bag  the  world's  first  Lyman-al  pha 
measu  remen  ts  of  th  e  Su  n  f  ro  m  th  e  u  pper  atmosph  ere  inl953. Tousey 
followed  with  a  definitive  observation  just  monthslater  in  1954. 

Amidst  all  of  the  bad  luck  in  the  late  1940s,  however,  Tousey's 
team  developed  an  alternative  means  of  measuring  not  only  UV  ra¬ 
diation  but  also  a  portion  of  the  X-ray  spectrum  (with  shorter  wave¬ 
lengths  than  UV)  that  abuts  the  extreme  edge  of  the  UV  spectrum. 
The  principle  of  this  alternative  measurement  was  thermo  lumines¬ 
cence  UV  or  X-ray  radiation  would  hit  carefully  chosen  phosphors, 
chemicalsthat  emit  light  when  exposed  to  radiation  (they'rein  your 
TV).  This  light,  in  turn,  would  exposefi  I  m.  The  intensity  of  exposure 
qual  i  tati  vel  y  i  ndi  cates  the  i  ntensi  ty  of  the  radi  ati  on .  M  oreover,  by  usi  ng 
different  fi  Iters  that  woul  d  al  I  ow  only  presel  ected  ranges  of  radi  ati  on 
through  to  the  phosphors,  the  approximate  wavelengths  of  the  in¬ 
coming  radiation  could  be  determined. 

Of  thesixV-2s  that  Tousey  equipped  with  thermoluminescence 
systems,  he  was  abl  e  to  retri  eve  data  from  four.  The  fi  rst  success  was 
on  February  17, 1949.  It  revealed  the  unusual  presence  of  X-rays  be¬ 
low  an  altitude  of  79  miles  None  of  the  other  experiments  dupli¬ 
cated  that  result,  probably  because  none  of  the  others  fl  ew  at  a  ti  me 
when  solar  activity  was  high.  During  that  first  success,  ground  sta- 
tionssimultaneously  monitored  ionospheric  disturbance  This  happy 
concurrence  would  help  the  NRL  scientists  to  discern  the  different 
atmospheric  roles  played  by  extreme  UV  radiation  and  X-rays  from 
the  Sun. 
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The  spectacuiar  iook 
of  failure  in  the  then 
nascent  business  of 
scientific  rocketry 


Five  weeks  after  the  flight,  the  Navy  touted  the  meaning  of  the 
result  in  a  press  release  [The]  "intense. . .  ultraviolet  rays  apparently 
produce  the  i  onospheri  c  I  ayers  necessary  for  I  ong  di  stance  radi  0  trans¬ 
mission, "thereleasesuggested,  "whilesudden  burstsofX-raysappar- 
ently  cause  radio  fadeouts  and  disrupt  radio  communication  ...  On 
fl  i  ghts  when  i  ntense  X-rays  were  detected,  sol  ar  fl  ares  were  observed 
by  astronomers  and  radio  fadeouts  occurred  all  overtheworld  during 
the  ti  me  the  rocket  was  i  n  fl  i  ght."^^ 

All  four  successful  thermoluminescence  experiments  detected  ra¬ 
diation  in  a  swath  of  ultraviolet  wavelengths  including  the  Lyman- 
alpha emission.  Duringthefourthflightthedata even  included  much 
more  detailed  information  about  the  rocket's  behavior,  a  bonus  that 
enabled  Tousey's  group  to  eke  out  more  science  from  their  thermolu- 
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minescencedata.  For  one  thing,  they  were  able  to  deduce  the  inten¬ 
sity  of  solar-derived  extrenne-UV  radiation,  and  thereby  the  amount 
of  energy  the  Sun  injects  into  the  atmosphere  Their  findings  con- 
fi  rmed  previ  ous  suspi  ci  ons  by  others  that  a  di  sproporti  on  ate  amount 
of  solar  UV  radiation  is  in  the  sub-3000  angstrom  regime.  They  also 
were  abl  e  to  cal  cul  ate  ozone  concentrati  ons  at  different  atmospheri  c 
heights  up  to  about  70  km.^^ 

Thethermol  umi  nescencedata  were  i  ntri  gui  ng.  H  owever,  they  were 
the  result  of  a  I  argely  i  ndi  rect,  qual  itative  measurement  si  nee  the  mere 
presence  of  exposure  was  not  enough  to  determine  exactly  which 
wavel  engths  were  reachi  ng  thefi  I  m.  There  was  pi  enty  of  i  ncenti  vefor 
other  researchers,  including  Herbert  Friedman,  to  develop  more  di¬ 
rect  and  quantitati  ve  techniques  for  measuringsolar  radiation  at  vari¬ 
ous  I  evel  s  of  the  atmosphere 

Just  as  A.  Hoyt  Taylor's  technological  interest  in  high-frequency 
radio  communication  had  steered  the  Radio  Division  into  scientific 
issues  such  asthewaytheionosphereaffectsthe  propagation  of  high- 
frequency  radi  o  waves,  the  i  nterest  of  Krause  and  h  i  s  col  I  eagues  i  n  the 
Rocket  Sonde  Research  Section  in  rocketsfor  upper  atmosphere  work 
was  opening  new  scientific  doors,  thistimein  astronomy.  By  1950, 
rocket  sci  ence  and  upper  atmosphere  research  accounted  for  over  8% 
of  NRL's  research  and  development  budget,  amounting  to  almost 
$1,500,000.23 

Krause  the  man  who  got  NRL  into  the  rocket  business,  left  the 
Rocket  Sonde  Research  Section  in  1947  when  his  responsibilities  in 
the  arena  of  nuclear  weapons  testing  became  a  higher  priority.  He 
handed  the  baton  to  Homer  Newel  I  under  whom  Milton  Rosen  would 
overseedevel  opment  of  theVi  ki  ng  rocket,  which  N  RL  woul  d  begi  n  to 
use  after  theV-2  supply  had  dwindled.  Another  group  within  thesec- 
tion  focused  on  measurementsof  those  atmospheric  properties  such 
as  temperature  pressure  and  composition  that  were  critical  unknowns 
needed  for  developing  next-generation  rockets  such  as  the  Vi  king. 

Meanwhile  theOptics Division  had  tasted  thescientifiefruits at¬ 
tainable  with  rockets  Richard  Tousey,  who  came  to  NRL  as  an  expert 
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in  laboratoryspectroscopywastransfomninghinnsdf  and  hiscolleagues 
into  some  of  the  country's  first  rocket-based  astronomers  At  about 
thesametime  in  1949,  Hulburtshed  his roleas head  of  theOptics 
Division  to  become  the  first  civilian  director  of  research  at  NRL,  an 
administrative  novelty  thoroughly  in  line  with  the  Laboratory's  con¬ 
certed  effort  to  emulate  the  academic  model  of  research.  H  is  ascent 
also  ensured  that  rockets  would  continue  rising  in  importance  and 
profile  at  NRL. 

The  same  year  H  ul  hurt  became  di  rector,  one  of  his  hi  res  i  n  the 
Optics  Division,  Herbert  Friedman,  took  the  same  opportunity  as 
Tousey  did  to  steer  his  own  career  into  the  nascent  field  of  rocket 
astronomy.  Fri  edman  studi  ed  sol  i  d  state  physi  cs  i  n  the  I  ate  1930s  at 
Johns  Hopkins  University  before  joi ni ng  NRL's  Metallurgy  Division 
i  n  thesummer  of  1940.^'*  At  H  opki  ns,  Fri  edman  had  I  earned  to  handl  e 
X-rays  for  analyzing  materials,  a  skill  that  seemed  to  fit  nicely  with 
the  very  origins  of  the  Metallurgy  Division  in  the  late  1920s  when 
division  patriarch,  Robert  Mehl,  developed  techniques  for  analyzing 
the  quality  of  welds,  casts,  and  forged  metal  parts  by  passing  radia¬ 
tion  through  the  metal  and  onto  recording  film. 

When  Friedman  joined  the  division,  however,  he  found  that  it 
had  moved  away  from  M  eh  I's  sci  entifi  c  approach  of  rel  ati  ng  a  metal 's 
internal  microstructures  to  its  good  and  bad  properties  Instead,  the 
focus  had  shifted  toward  a  more  empirical  approach  of  improving 
metalsand  alloys  by  tweakingthisor  that  practice  at  thefoundry.  It 
was  a  strategy  more  apt  to  produceresultsquicklythatis  better  metal 
for  the  Navy,  but  it  did  not  satisfy  Friedman's  craving  to  push  the 
boundariesoffundamental  knowledgeaboutthematerial  world.  Snce 
Friedman  was  more  attracted  to  the  more  fundamental  studies,  he 
convinced  himself  that  he  would  have  to  leaveNRL. 

Hulburt  snatched  up  the  disillusioned  Friedman  before  he  and 
histalentcould  follow  through  with  his  intend  on  to  leaveNRL.  After 
al  I ,  X-rays  are  a  form  of  I  i  ght  and  that  means  Fri  edman 's  ski  1 1  s  were  i  n 
sync  with  the  Optics  Division.  One  of  the  first  successes  Friedman 
scored  i  n  the  pre-V-2  days  under  H  ul  hurt  was  to  use  X-rays  to  hel  p 
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precisely  orient  and  cut  crude  quartz  crystals  so  they  could  have  pre¬ 
selected  radio  oscillation  frequencies  Thisturned  out  to  be  of  critical 
i  mportance  duri  ng  the  war  when  the  suppi  y  of  more  easi  ly  ori  ented, 
h  i  gh  er  q  u  al  i  ty  crystal  s  was  cut  off.  Th  e  acco  mpl  i  sh  ment  I  ater  was  cred¬ 
ited  with  saving  mil  lions  of  man  hours^^ 

Friedman's  ticket  to  rocket-based  science  began  when  he  became 
the  Laboratory  guru  for  photon  counters  On  one  side  of  these  usu¬ 
ally  cylindrical  devices  there  often  isawindow  madeof  materialscho- 
sen  to  allow  particles  or  photons  of  only  certain  energy  ranges  into 
the  tube's  gasfilled  interior.  The  light  entering  the  tube  ionizes  a 
mol  ecul  e  of  the  gas,  tri  ggeri  ng  an  aval  anche  of  el  ectrons  So,  very  ti  ny 
amounts  of  light  can  produce  a  large  amount  of  ionization,  which 
then  is  readily  detectable  by  electrodes  in  the  tube  The  most  widely 
recognized  photon  counter  isthe Geiger  counter,  which  detects emis 
si  ons  from  decayi  ng  radi  oacti  ve  atoms 

Since  photon  counters  measure  radiation  morequantitativelythan 
photographic  techniques,  Friedman  was  able  to  use  them  to  make 
such  measurements  as  the  thickness  of  paint  on  a  ship  and  the  level 
of  fuel  in  atank.  Theprinciplewasmuch  thesameasMehl  had  used 
in  the  late  1920s  with  his  gamma-ray  radiography,  only  instead  of 
relying  on  film  to  record  the  data,  electrical  signaisfeedingto  an  os 
cilloscopeor  a  chart  recorder  did  thejob. 

It  took  Fri  edman  several  years  I  onger  than  Tousey  to  get  i  nto  the 
rocket  astronomy  business,  partly  because  new  photon  detectors  were 
in  high  demand  during  the  nuclear  weapons  tests  in  the  Pacific  just 
afterthewar.  Si  nee  radiation  isoneoftheprimaryproductsof  nuclear 
explosives,  Friedman  and  his  photon  counters  became  critical  com¬ 
ponents  of  these  efforts  I  ndeed,  the  col  I  ecti  ve  tal  ent  at  N  RL  for  mea- 
suri  ng  physi  cal  phenomena  i  n  general  meant  that  many  at  the  Labo¬ 
ratory,  including  FI ul hurt,  Tousey  and  Krause  would  participate  in 
the  tests 

Itwassoon  after  the  A-bomb  tests  in  the  Bikini  Atoll  that  Fried¬ 
man  inadvertently  became  hooked  on  solar  flare  research.  Fie  Peter 
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King  of  the  Chennistry  Division,  and  several  others  were  assigned  a 
secret,  high-priority  project  to  develop  a  means  of  detecting  atmo¬ 
spheric  nuclear  explosions  Onepartof  thedetection  system  involved 
the  placement  at  air  weather  stations  of  automatic  photon  counters 
sensitive  to  the  gamma  radiation  from  nuclear  fission  products 
Beginning!  n  Iatel949,  Friedman, then  headofthedivision'sElec- 
tron  Optics  Branch,  began  to  send  some  of  the  radiation  detectors  he 
an  d  h  i  s  CO  1 1  eagu  es  were  making  to  thehighestaltitudes  ever  ach  i  eved . 
"When  the  great  solar  flare  of  November  1949  occurred,  possibly  the 
greatest  on  record,  we  obtai  ned  excel  lent  measurements  of  the  pen- 
etrati  on  of  sol  ar  cosmic  rays  up  to  20  GeV  [bi  1 1  i  ons  of  el  ectron  volts], 
from  Arctic  to  Antarctic  latitudes,"  Friedman  recalls  with 
bittersweetness.  The  data  was  secret,  however,  so  heand  hiscolleagues 
could  not  share  their  unique  data  with  the  open  scientific  world.  It 
was  the  kind  of  data  that  would  have  made  the  career  of  a  young 
scientist.  "I  resolved  then  to  pursue  studies  of  the  flare  phenomenon 
in  the  unclassified  rocket  program."^® 

This  approach  was  far  different  from  Tousey's  For  onethi  ng,  the 
el  ectron  ic  detect!  on  of  radi  ati  on  i  n  Fri  edman's  photon  tubes  was  more 
readilyand  preciselyquantifiablethan  photog'aphic  detect!  on.  More¬ 
over,  there  was  no  need  to  recover  thetubes  si  nee  their  electronics!  g- 
nals  were  radioed  to  receivers  on  the  ground.  The  real-time 
tel  emeteri  ng  of  data  had  the  addi  ti  onal  advantage  of  al  I  owl  ng  Fri  ed- 
man  to  mesh  his  own  data  with  rocket  performance  and  position 
data  from  ground  track!  ng  records 

The  first  battery  of  Friedman's  detectors  flew  on  September  29, 
1949  to  a  hei  ght  of  about  94  mi  I  es  ( 151  ki  I  ometers) .  1 1  was  the  49‘^  V- 
2  flightfrom  White  Sands  "Asthe  radio  signals  came  in,  wefirstread 
Lyman-al  pha  extreme  ul  travi  ol  et  at  about  75  ki  I  ometers  fol  I  owed  by 
soft  X-rays  at  85  kilometers,"  Friedman  recalls^^  When  all  of  their 
data  came  in,  Friedman  and  his  colleagues  were  able  to  identify  X- 
rays  as  the  form  of  radi  ati  on  most  responsi  bl  e  for  the  i  on!  zati  on  that 
underlies  the  ionosphere  In  addition,  they  found  that  the  UVradia- 
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tion  passes  through  this  layer  without  causing  ionization,  and  isab- 
sorbed  at  a  I  ower  atmospheri  c  I  evel . 

Friedman's  group  had  beginner's  luck  with  their  first  V-2  flight. 
The  next  V-2  they  had  an  opportunity  to  fit  with  photon  counters 
exploded  on  the  launching  pad,  burned  furiously,  and  surrounded 
the  blockhouse  with  billowing  smoke.  With  that  loss,  Friedman 
I  earned  fi  rsthand  about  the  devastati  ng  mood  swi  ngs  of  the  bi  g  V-2s 

When  the  smal  I er  and  more  rel  i  abl  e  Aerobee  rockets  started  be- 
comingavailable  Friedman  became  an  instantfan.  Flehopedto  use 
them  to  study  solar  flares  Although,  the  first  generation  of  Aerobees 
could  not  reach  V-2  altitudes,  stretched  versions  of  Aerobees  with 
longer  fuel  tanks  outreached  the  V-2s  In  an  arena  where  higher  is 
better,  theAerobee  became  the  workhorse  research  rocket.^® 

Fri  edman  and  others  i  nterested  i  n  usi  ng  rockets  for  study!  ng  so¬ 
lar  flares  still  had  a  big  problem.  Solar  flares  occur  with  a  suddenness 
and  unpredictability  that  did  not  match  well  with  the  long  prepara¬ 
tion  timeof  an  Aerobee  which  had  to  be  used  within  an  hourortwo 
once  its  fuel  was  pressurized.  Success  depended  entirely  on  the  ex¬ 
treme  luck  of  a  solar  flare  occurring  just  in  those  few  hours  out  of 
each  average  month  when  one  happens  to  have  an  Aerobee  fueled, 
pressurized,  and  ready  to  go. 

An  answer  came  i  n  by  way  of  J  i  m  Van  Al  I en,  then  at  the  AppI  i  ed 
Physi  cs  Laboratory  and  desti  ned  for  i  mmortal  ity  as  the  discoverer  of 
the  magnetic  belts  that  circlethe  Earth  and  that  bear  his  name  Van 
Allen's  idea  was  the  Rockoon:  asmall,  relatively  simple  rocket  (like 
the  9-foot  long  Deacon)  is  tied  to  a  150,000  cubic  foot  polyethylene 
balloon.  The  balloon  carries  the  rocket  to  a  height  of  25  km.  It  hovers 
there  all  day,  if  need  be  until  it  could  be  fired  by  radio  command  at 
the  fi  rst  si  gn  of  a  sol  ar  fl  are 

In  July  1956,  Friedman,  James  Kupperian,  Jr.,  Leo  Davis,  Robert 
Kreplin,  and  other  NRL  colleagues  sailed  with  ten  Rockoonsfrom 
San  Diego  aboard  the  USS Co/on/a/,  an  LSD  (a  ship  designed  for  dis¬ 
patching  materiel  onto  a  beach-head),  to  a  site  about  400  nautical 
miles  off  of  the  California  coast.  "Each  morning  we  launched  a  bal- 
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loon  trailing  a  string  of  corner  reflectors  [for  radar  tracking]  below 
which  dangled  the  rocket,"  Friedman  recalls  "Then  began  the  chase 
Wecoul  d  not  permit  the  Rockoon  to  get  out  of  range  of  our  radi  o  cut- 
down  command,  but  the  upper-ai  r  wi  nds  were  faster  than  the  I  um¬ 
ber!  ng  LSD.  It  helped  thatthewi  nds  reversed  in  the  course  of  the  day, 
so  that  we  coul  d  I  et  the  Rockoon  travel  away  from  us  toward  the  Cal  i- 
fornia  coast  in  the  morning,  then  catch  it  coming  back  in  the  after¬ 
noon. 

0  n  thefi  rst  days,  there  were  no  sol  ar  fl  ares  "Sunday  was  a  day  of 
rest,  and  with  no  Rockoon  aloft  to  observe  the  Sun,  it  produced  two 
very  good  flares,"  Friedman  wryly  recalls  "On  thefourth  day  we  were 
all  at  lunch  except  for  Bill  Nichols  and  Bob  Kreplin  when  a  flare 
erupted.  Bob  reacted  quickly  and  fired  the  rocket.  It  caught  a  weak 
Cl  ass  I  fl  are  but  the  observati  on  of  a  strong  X-ray  fl  ux  at  70  ki  I  ome- 
ters  was  cl  ear-cut.  We  had  proven  that  solar-flareX-rays  are  the  keyto 
the  production  of  radio  fadeout."^° 

While Tousey  and  Friedman  were  leading  teams  along  parallel 
and  complementary  lines  of  rocket-borne  research  in  thefirsthalf  of 
the  1950s  NRL  as  an  organization  was  about  to  take  just  about  the 


1/1/  ith  the  October  5,1954  fiight  of  a  camera-bearing  V-2,  N  RL  scientists  assembied  this 
photo-composite  showing  approximateiy  1 .25  miiiion  square  miies  of  the  worid's  sur- 
face.The  caption  of  this  press  photo  inciuded  the  Mowing  ciaim:"The  Navy  beiieves 
that  this  is  the  iargest  Earth  area  ever  photographed  from  one  spot  at  one  time." 
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deepest  plunge  any  organization  in  the  world  had  taken  into  the  na¬ 
scent  field  of  rocket-based  research.  AstheV-2  supply  dwindled  and 
the  Aerobees  and  Rockoons  began  to  fi  1 1  i  n  the  gap,  those  i  n  the  Rocket 
Sonde  Research  Branch  were  realizing  its  original  ambition  to  develop 
its  own  rocket— the  Vi  king.  Unlike  theV-2,  which  was  not  steerable 
the  Viking  had  a  gimbaled  engine  that  could  guide  the  vehicle  by 
directi  ngthrust  at  different  angles  Moreover,  itwaslargerand  so  could 
carry  heavier  payloads  than  the  Aerobees  and  take  those  payloads 
much  higher. 

Under  contract  by  NRL,  the  Glenn  L.  Martin  Company  in  Balti¬ 
more  built  the  Vi  king  using  an  engine  designed  by  Reaction  Motors 
Inc.  under  a  separate  Bureau  of  Aeronautics  contract.^  Krause  assigned 
Homer  Newell,  Jr.  and  Milton  Rosen  to  overseethe  project.  The  Vi¬ 
king  project  would  lead  to  the  construction  of  14  variously  config¬ 
ured  rockets  The  I  ast  two  Vi  ki  ng  rockets  became  part  of  the  opti  mi s 
ticnational  goal  of  putting  an  artificial  satelliteinto  orbit  around  the 
Earth  as  part  of  an  international  scientific  mission,  called  Interna- 
ti  onal  Geophysi  cal  Year  ( I  GY) ,  to  study  the  Earth  as  a  whol  e 

The  fi  rst  seven  Vi  ki  ng  fi  ri  ngs  occurred  between  M  ay  3, 1949  and 
August  7,  1951.^2  Viking  4  stood  out  because  it  was  fired  from  the 
deck  of  a  shi  p,  the  USSN  orton  Sound.  Launchi  ng  from  an  at-sea  pi at- 
form  made  sci  entifi  c  sense  si  nee  the  structure  of  the  atmosphere  var¬ 
ies  at  different  geographic  locations  But  theshot  also  demonstrated 
the  military  potential  of  ship-launched  missiles  reminiscent  of  the 
Nazi  plan  to  tow  launching  tubes  to  the  U.S.  coasts  There  was  no 
shortage  of  failures  For  example;  the  lightweight  aluminum  fins  on 
Vi  ki  ng  6  bucki  ed  and  col  I  apsed  mi  d-fl  i  ght,  sendi  ng  the  rocket  i  nto  an 
unscheduled  landing?  milesfrom  the  launch  site 

Vi  ki  ng  7  was  the  I  ast  of  the  fi  rst-generati  on  Vi  ki  ngs  whi  ch  were 
49  feet  tall  and  weighed  nearly  5  tons  It  went  up  at  0:59  a.m.  on 
August?,  1951,  and  when  its  engine  burned  one  second  longer  than 
was  needed  to  break  thealtituderecord,  Milton  Rosen  and  hisViking 
col  leagues  had  wide  eyes  as  the  rocket  continued  to  coast  higher  and 
higher.  Its  ascent  ended  at  136  miles,  shattering  the  previous  record 
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of  114  mi  I  es  set  by  a  V-2  I  aunched  nearby  al  most  fi  ve  years  earl  i  er. 
Only  thistime;  the  rocket  that  held  the  record  was  conceived  of,  de¬ 
signed,  and  built  in  theUnited  States  under  the  direct!  on  of  NRL. 

The  next  threeVi  kings  under  the  original  contract  with  theGlenn 
L.  Martin  Company  would  be  fatter  and  heavier,  a  slight  sacrifice  in 
aestheti  cs  for  the  hope  of  attai  ni  ng  hi  gher  altitude  They  woul  d  dem¬ 
onstrate  however,  that  rockets  still  rose  on  a  cloud  of  thrust  and  a 
prayer.  Thi  s  new  Vi  ki  ng  seri  es  started  out  omi  nousi  y  on  J  une  6, 1952, 
when  the  Viking  8  rocket  ripped  from  its  tiedown  blocks  during  a 
test  firing  of  its  motor  and  then  crashed  inthedesert  about  four  miles 
southeast  of  the  launch  site  The  next  Vi  king's  engine  stopped  earlier 
than  expected,  reaching  a  height  of  135  miles  about  50  miles  shy  of 
its  intended  peak. 

TheJ  une  30  fi  ri  ng  of  Vi  ki  ng  10  turned  harrow!  ng  when  the  rocket's 
tail  section  exploded,  setting  off  afire  Despite  the  unintended  pyro¬ 
technics,  no  one  was  hurt.  Workers  were  even  ableto  quash  the  fire 
soon  enough  to  salvage  much  of  the  rocket.  The  rocket  was  rebuilt 
and,  I  i  ke  Lazarus  com!  ng  back  from  death,  the  reconstructed  Vi  ki  ng 
10  soared  upward  from  White  Sands  on  May  7,  1954  to  a  record- 
equal  i  ng  hei  ght  of  135.9  mi  I  es 

I  n  between  the  death  and  resurrect!  on  of  Vi  ki  ng  10,  N  RL  awarded 
theGlenn  L.  Martin  Company  another  contract  for  four  more  Vi  kings 
Viking  11  surpassed  the  performance  of  its  predecessors  taking  the 
record  to  158  miles  The  NRL  scientists  were  able  to  retrieve  the  ar¬ 
mored  steel  film  cassette  from  an  aerial  camera  that  survived  the 
rocket's  crash  landing.  In  it  was  a  cache  of  spectacular  high-altitude 
portraits  of  the  Earth,  revealing  magnificent  cloud  formations  and 
global  weather  patterns  Thethen  novel  pictures  ran  in  many  newspa¬ 
pers  and  magazines  Vi  king  12'sjanuary,  1955  launch  did  not  live  up 
to  the  bui  I  di  ng  expectati  ons  that  came  wi  th  Vi  ki  ng  11.  But  its  camera 
produced  some  of  the  best  high-altitude  pictures  of  Earth  yet. 

As  exd  ti  ng  as  al  I  of  the  Vi  ki  ng  fi  ri  ngs  were  they  were  expensi  vq 
on  the  order  of  $400,000  per  shot.  And  the  scientists  who  had  spent 
many  months  desi  gni  ng  experi  ments  or  equi  pment  to  fl  y  on  the  rock- 
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ets  never  quite  knew  what  to  expect.  There  never  were  guarantees 
Smaller,  more  reliable  rockets  like  the  Aerobees  and  Wac  Corporal 
would  become  the  workhorses  for  sounding  rocket  studies  in  which 
the  flights  lasted  onlyafew  minutes  Big  rockets  retained  unambigu¬ 
ous  military  potential  asdeliveryvehiclesfor guided  missiles  buttheir 
future  role  in  scientific  research  was  uncertain  because  of  their  ex¬ 
pense 

In  the  summer  of  1954,  during  early  planning  for  the  Interna¬ 
tional  Geophysical  Year  (slated  to  runfromjulyl,  1957  to  December 
31, 1958),  thefateof  big  rocket  science  would  be  sealed.  Members  of 
the  International  Scientific  Radio  Union,  the  organization  that  origi¬ 
nal  ly  proposed  the  I  GY,  recommended  that  the  I  GY  community  con- 
si  der  the  audaci  ous  i  dea  of  arti  fi  ci  al  satel  I  i  tes  as  pi  atforms  for  research . 
There  were  no  such  thingsatthetime  onlyon-again,  off-again  sound- 
i  ng  rockets  I  i  kethe  Vi  ki  ngs  that  were  unabi  eto  achieve  condi  ti  onsfor 
reaching  orbit. 

This  launched  the  collective  imagination  of  thelGY  community 
into  orbit.  Later  in  1954,  theU.S.  National  Committee  (USNC)  for 
the  67-nation  IGY  set  up  advisory  groups  to  study  the  feasibility  of 
launching  a  satellite  sometime  during  the  18  month  International 
Geophysi  cal  Year  and  secondly  to  determi  ne  whether  a  satel  I  i  te  woul  d 
genuinely  boost  research.  To  no  one's  surprise  the  answers  were  yes 
and  yes  With  the  nods  of  advisory  bodies  the  USNC  proceeded  in 
1955  to  draw  up  pi  ans  for  a  satel  I  ite  program. 

On  July  29,  1955,  the  White  House  publicly  announced  jointly 
with  the  Belgium- based  Special  Committeefortheinternational  Geo¬ 
physical  Year  (I  GY'S  international  headquarters)  thattheUnited  States 
i  ntended  to  I  aunch  "smal  I  unmanned  earth-ci  rcl  i  ng  satel  I  ites"  as  part 
ofthelGY.  "Thisprogram  will  for  the  first  time  in  historyenablesci- 
entists  throughout  the  world  to  make  sustained  observations  in  the 
regi  ons  beyond  the  atmosphere"  Presi  dent  Eisenhower's  press  secre 
tary,  J  ames  H  agerty,  tol  d  reporters  at  the  White  H  ouse^^ 

Theti  mi  ng  of  the  an  noun  cement  was  i  n  part  due  to  fears  that  the 
Soviet  Union  would  snatch  the  glorious  moment.^'*  Four  days  later. 
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Moscow  announced  that  the  Soviet  Union  also  would  have  its  own 
satellite  in  orbit  during  the  I  GY. 

No  one  knew  exactly  how  anyone  was  going  to  put  an  artificial 
satellite  into  orbit.  No  rocket  on  Earth  could  do  it.  At  the  time  of 
Hagehysannouncement,  ahigh  level  committee  known  astheStewart 
Committee  (convened  at  the  behest  of  the  Assistant  Secretary  of  De¬ 
fense  Donald  Quarles)  was  charged  with  deciding  who,  in  fact,  would 
get  a  shot  for  the  once-i  n-hi  story  shot  at  bei  ng  thefi  rst  to  put  a  satel- 
I  ite  i  nto  Earth  orbit  si  nee  the  M  oon  showed  up  there  bi  1 1  i  ons  of  years 
ago. 

The  Air  Force  might  have  been  a  contender  but  its  development 
work  on  the  Atlas  rocket,  which  was  slated  to  become  the  launch  ve- 
hiclefor  an  intercontinental  ballistic  missile;  bylaw  had  to  take  pre¬ 
cedence  over  a  scientific  rocket  project.  That  left  two  tight-knit  and 
proud  groups  of  rocket  desi  gners— one  at  N  RL  under  men  I  i  ke  H  omer 
Newell  and  Milton  Rosen,  and  one  at  the  Army's  Redstone  Arsenal 
under  the  auspices  of  Wern  her  von  Braun,  the  German  rocketeer  most 
behind  theV-2swhom  the  Army  had  snatched  for  their  own  after  the 
war. 

The  Army  proposed  the  Orbiter,  some  of  whose  components  al¬ 
ready  had  been  under  development  with  funds  from  the  Office  of 
N  aval  Research 1 1  cal  I  ed  for  a  mul  ti  stage  rocket  that  coul  d  put  a  5- 
pound  satellite  into  orbit.  The  NRL  proposal  was  for  a  three-stage 
rocket  using  a  Viking-based  design  for  the  lower  one  or  two  stages 
and  newly  designed  upper  stages  Rather  than  a  5-pound  payload, 
however,  the  N  RL  proposal  cal  I  ed  for  40  pounds  of  sci  entifi  c  i  nstru- 
mentati  on .  N  RL  al  so  coul  d  boast  of  a  vi  rtual  I  y  ready-to-go  radar  track¬ 
ing  system,  called  Minitrack,  that  NRL  researchers  John  Mengel  and 
Roger  Easton  al  ready  h  ad  devel  oped  to  track  Vi  ki  n  g  pro]  ects  Th  i  s  was 
no  smal  I  concern  si  nee  the  chal  lenge  of  fi  ndi  ng  and  tracki  ng  a  5-  or 
40-pound  satellite  in  the  vast  expanse  of  outer  space  mocked  the 
troubleof  finding  a  needle  in  a  haystack. 

The  Stewart  Committee  assessed  the  pros  and  cons  of  each  pro¬ 
posal  and  sent  thei  r  report  to  the  Secretary  of  Defense  on  August  4. 
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The  committee  vote  was  close  but  the  majority  favored  NRL's  pro¬ 
posal  overtheArm/s  Ittook  another  head-to-head  round  involving 
detai  I  ed  reports  and  testi  moni  al  s  by  general  s  sci  enti  sts,  eng  neers,  and 
company  executives  before  the  Stewart  Committee  made  the  r  fi  nal 
decision. 

On  September  9,  it  became  offi  ci  al .  N  RL  had  won  stewardshi  p  of 
thesatel  I  ite  program,  which  became  known  as  Project  Vanguard,  and 
N  RL  woul  d  never  be  the  same 

The  basi  c  obj  ecti  ves  wereto  bui  I  d  a  satel  I  ite  I  aunchi  ng  vehi  cl  e  get 
one  satellite  into  orbit,  track  it  in  orbit,  verify  its  orbital  path,  and 
accomplish  one  scientific  experiment  all  before  the  end  of  the  I  GY. 
Recent  analyses  by  historians  of  declassified  documents  from  the 
National  Security  Counci  I  reveal  that  the  science-centered  Project  Van¬ 
guard  was  part  of  a  hidden  agenda  for  President  Eisenhower  and  the 
national  security  community.  Bylaunchingascientificsatellitedur- 
i  ng  the  I  GY,  the  U  .S.  woul  d  be  abl  e  to  estabi  i  sh  a  I  egal  precedent  by 
which  the  jurisdiction  of  sovereign  states  over  their  own  air  space 
would  not  extend  to  outer  space  With  a  "freedom  of  space"  defini¬ 
tion  established,  itthen  would  bequitelegal  to  fly  surveillance  satel¬ 
lites  directly  over  Soviet  territory.  For  the  topmost  level  of  the  U.S. 
government,  therefore  the  Project  Vanguard  story  was  a  cover. 

Even  i  f  th  e  Proj  ect  Van  guard  sci  enti  sts  were  beingunwittin^yused 
i  n  this  way,  thesci  entifi  c  opportunities  they  saw  i  n  satel  I  ites  remai  ned 
as  exciting  as  they  possibly  could  get.  "Recognizing  that  the  project 
was  of  a  magnitude  greater  than  that  for  whi  ch  a  di  visi  on  was  geared 
to  handle  and  that  the  successful  development  of  the  project  would 
call  for  talents  from  many  divisions  in  the  Laboratory,  the  Director, 
Capt.  Tucker,  and  the  Director  of  Research,  Dr.  Hulburt,  decided  to 
formagroupoutsidethedivision  stru  ctu  re  to  carry  o  ut  th  e  proj  ect, " 
recalled  John  Hagen,  superintendent  of  the  Atmosphere  and  Astro¬ 
physics  Division  (1950-1958)  and  Directorof  Project  Vanguard.^®L/fe 
magazinewould  later  describe  Hagen's  experience  in  Proj  ect  Vanguard 
as  "one  of  the  most  trying  ordeal  sever  imposed  on  an  American  sci¬ 
entist  in  the  course  of  his  work. 
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Hagen  had  three  years  to  pull  offthetask,  which  required  as  much 
administrative  orchestration  as  technical  innovation.  The  Vanguard 
team  organized  into  groups  devoted  to  designing  the  rocket,  design¬ 
ing  the  grapefruit- si  zed  satellite;  miniaturizing  instruments  and 
tel emeteri  ng  equi pment  so  they  coul d  fit  i nto  thesatel  I \te,  and  devel¬ 
oping  a  global  rocket  and  satellite  tracking  system.  Scheduling,  bud¬ 
geting,  and  liaison  with  other  parts  of  the  Defense  Department  also 
fell  under  the  aegis  of  Hagen  and  the  Vanguard  team.  Moreover,  the 
team  had  to  work  closely  with  the  Glenn  L.  Martin  Company,  the 
prime  contractor  on  the  Vanguard  project,  to  build  the  launch  ve¬ 
hicles  What's  more  the  team  had  to  secure  and  modify  a  part  of  the 
Army's  missile  launching  site  at  Cape  Canaveral  so  that  it  would  be 
suitable  for  Vanguard  rockets 

"Intheend,  becausetheAirForceand  Army  claimed  full  occupa¬ 
tion  of  launch  facilities  and  si  nee  Vanguard  had  no  military  priority, 
we  were  forced  to  build  our  own  hangar,  blockhouse  and  launch 
stand,"  Hagen  recounted.'" "All  thewhiletheScientifieProg'am group 
worked  with  the  committee  for  the  IGY  of  the  National  Academy  of 
Sci  ences  to  sel  ect  a  seri  es  of  experi  ments  from  sci  enti  sts  around  the 
country  and  then  to  work  with  those  scientists  in  preparing  the  ex¬ 
peri  ments  so  thatthey  woul  d  stand  theri  gorsof  I  aunchi  ng  and  fl  i  ght".^^ 
It  was  a  non-stop  orchestration  of  thousands  of  people  distributed 
across  the  country  worki  ng  on  scores  of  pro]  ects  at  a  cost  of  mi  1 1  i  ons 
of  dollars 

The  fi  rst  bl  ow  came  earl y  after  N  RL  had  si gned  a  I etter  of  i  ntent 
with  theGlenn  L.  Martin  Company.  Unknown  to  NRL,  the  company 
previ  ousi y  had  al so  been  sel  ected  as  the  pri  me  contractor  for  a  top- 
priority  Air  Force  project  to  develop  the  Titan,  a  second-generation 
intercontinental  ballistic  missile  Many  of  the  Martin  engineers  who 
had  worked  on  NRL's  Viking  rockets  were  now  assigned  to  theTitan 
project.  That  left  Vanguard  with  a  I  ess  experienced  Martin  crew. 

Although,  the  Martin  company  was  responsible  for  the  overall 
rocket  system,  many  other  companies  supplied  components  Thefirst- 
stage  engines  and  pumps  came  from  General  Electric.  The  Aerojet- 
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General  Company  was  contracted  to  supply  the  second-stage  rockets 
incorporating  a  guidance  packet  supplied  by  the  Minneapolis 
Honeywell  Company  Thethird  stage  had  its  own  set  of  contractors 
The  pi  an  was  to  build  up  to  a  satellite  launch  with  asetof  sixtest 
vehicles,  designated  TV-O  through  TV-S.  The  first  two  would  use  up 
the  two  I  eftover  Vi  ki  ng  rockets  and  test  out  new  tel  emetry  as  wel  I  as 
thenewthird  stage  TV-2  would  bethefirst  test  of  the  newly  designed 
first  stage  which  essentially  was  a  Viking  with  a  more  powerful  en¬ 
gine  TV-3  would  bethefirst  full  test  of  thethreestage  design.  Assum¬ 
ing  enough  information  about  rocket  performance  had  been  gleaned 
from  thepriortests,  TV-4  would  shed  someof  the  testing  instrumen¬ 
tation  and  telemetry,  making  way  for  TV-5,  which  would  embodythe 
fi  nal  I  aunch  vehi  cl  e  i  ncl  udi  ng  a  dummy  of  thesatel  I  ite  Fol  I  owi  ng  the 
test  vehicles  would  come  seven  satellitelaunching  vehicles  or  SLVs 
Roger  Easton  andJohnT  Mengel  were  responsiblefor  getting  the 
tracking  system  ready  Easton  and  col  leagues  already  had  developed  a 
radio  guidance  system,  the  Minitrack  System  at  White  Sands  and  this 
became  the  basis  for  the  Vanguard  tracking  system  (and  later  for  the 
Global  Positioning  System  by  which  anyone  anywhere  could  estab¬ 
lish  their  latitude  longitude  and  altitude  with  astounding  accuracy). 
With  a  series  of  stations  separated  every  500  or  600  milesin  anorth- 
south  linefrom  Blossom  Point,  Maryland,  through  thesouthern  states, 
and  Central  and  South  America  all  the  way  south  to  Chile  the  re¬ 
searchers  desi  gned  a  "radi  o  fence"  that  coul  d  track  the  satel  I  ite  Addi- 
tional  Minitrack  stations  went  up  in  Australia  and  South  Africa.  The 
prototype  station  at  the  Naval  Electronics  Laboratory  (N EL)  in  San 
Diego,  which  was  not  positioned  to  track  Vanguard  satellites,  would 
be  among  the  first  stations  to  verify  that  the  Space  Age  had  begun. 

Wi  th  I  aunches  goi  ng  from  the  FI  ori  da  coast  and  track!  ng  stati  ons 
set  up  all  over  the  world,  the  Vanguard  team  established  a  control 
center  at  N  RL  with  tel  etype connect!  onsto  al  I  rel  evant  I  ocati  ons,  whi  ch 
included  a  link  to  the  Vanguard  Computing  Center  in  Washington 
equipped  with  an  IBM  709  computer  for  orbital  computations. 
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Thi  ngs  were  movi  ng  ni  cely  al  ong  by  the  spri  ng  of  1957.  By  then, 
the  first  two  test  launches,  TV-O  and  TV-l,  had  demonstrated  that  a 
third  stage  indeed  could  be  ignited  in  the  near  vacuum  of  the  upper 
atmosphere  Nothing  could  betaken  for  granted  in  this  fetal  stage  of 
the  Space  Age 

Then,  with  TV-2  installed  on  launch  pad  on  October  4, 1957,  the 
Vanguard  team  and  the  rest  of  the  worl  d  heard  a  revel  ati  on  that  coul  d 
not  have  been  more  shocking.  According  to  a  Life  magazine  article 
about  H  agen's  rough  ri  de  as  di  rector  of  Proj ect  Vanguard,  the  morn- 
i  ng  started  out  for  H  agen  at  an  I  GY  meeti  ng  i  n  Washi  ngton  on  mis- 
siles  and  rockets.  At  the  meeting,  Hagen  had  sought  out  Sergei 
Poloskov,  a  Russian  rocket  expert.  "Hagen  asked  if  theU.S.  would  be 
given  time  to  change  its  radio  tracking  equipment  should  the  Rus¬ 
sians  soon  launch  a  satellite;  "the  article  reported.  "Poloskov  smiled 
and  said  plenty  of  notice  would  be  given. 

That  evening,  Hagen  skipped  an  evening  cocktail  party  at  the  Rus¬ 
sian  embassy  and  returned  to  hishomein  Arlington,  Virginia.  There 
his  16-year-old  son  Peter  relayed  newsthat  had  just  been  called  in  on 
the  phone:  the  Russians  had  launched  a  satellite— Sputnik  I.  Hagen 
was  stunned. 

H  erbert  Fri  edman  recal  I  s  the  i  mmedi  ate  aftermath : 

“Public  reaction  was  initially  mild,  reflecting  President 
Eisenhower's  comment  that  'it  does  not  raise  my  apprehension 
one  iota  about  national  security.'  The  numbness  wore  off  quickly 
and  public  figures  began  to  decry  the  shameful  situation  with  the 
usual  accusations  of  administration  penny-pinching,  shortsight¬ 
edness,  lack  of  vision,  and  general  stupidity.  Truman  blamed  the 
M  cC arthy  era  for  having  deprived  A  merica  of  its  best  brains.  By 
implication  the  Vanguard  team  was  a  bunch  of  second-raters 
The  Senate  Preparedness  C ommittee  chaired  by  Lyndon  Johnson 
immediately  began  an  inquiry  into  the  status  of  U  .5.  rocket  and 
satellite  programs. 

Scooped,  Hagen  and  the  Vanguard  team  had  to  push  on.  They 
successfully  launched  TV-2  on  October  23, 1957.  It  carried  a  two-ton 
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payl  oad  to  an  altitude  of  109  mi  I  es  before  comi  ng  back  to  Earth  335 
miles  downrange  Two  weeks  later,  the  Soviets  launched  Sputnik  II 
and  its  canine  passenger  Lai  ka. 

The  launch  of  the  Sputniks  may  have  raised  blood  pressures  at 
NRLto  record  levels,  but  an  unfortunate  mi  scommuni  cation  foil  ow¬ 
ing  a  White  House  briefing  by  Hagen  and  several  col  leagues  on  Project 
Vanguard  would  raise  pressure  to  the  bursting  point.  Hagen  recalled 
what  happened: "...  we  briefed  President  Eisenhower,  giving  him  a 
very  factual  report  of  our  standi  ng  and  tel  I  i  ng  hi  m  that  wehad  pi  anned 
in  December  to  launch  the  first  full-fledged  test  vehicle  in  the  Van¬ 
guard  program,  emphasizing  it  was  only  a  test  vehicle  which  had  a 
very  remote  bonus— a  satel  I  ite  Thi  s  was  the  TV-3,  the  fi  rst  attempted 
launchingof  a  complete  Vanguard  vehiclewith  all  three  live  stages,  as 
wel  I  as  the  fi  rst  fl  i  ght  of  the  second  stage 

Although  TV-3  always  had  been  planned  as  an  engineering  test 
whose  outcome  would  build  into  the  real  thing,  perceptions  that  it 
actually  was  the  real  thing  were  about  to  get  way  out  of  hand.  On 
November  11,  1957,  shortly  after  the  briefing,  James  Hagerty, 
Eisenhower's  press  secretary,  released  a  statement  saying  that  Project 
Vanguard  would  launch  a  satel  I  ite  in  the  near  future  "In  other  words," 
Hagen  said,  "our  first  live  three-stagelaunching  was  billed  asasatel- 
I  ite  launching  success  in  advance  and  committed  usto  a  public  dead¬ 
line  with  an  untried  vehicle'"^^  Once  released,  there  was  no  stopping 
the  media  frenzy.  No  matter  what  the  rocket  scientists  might  think, 
theU.S.  citizenry  was  convinced  that  NRL  would  launch  theU.S.  an¬ 
swer  to  Sputnikattheverynext  Cape  Canaveral  firingon  December 6. 

With  the  world  watching,  and  after  several  tension-amplifying 
weather  delays,  the  countdown  went  to  zero.  Again,  Friedman  recalls 
the  moment: 

"1/1/ hen  the  rocket  flame  ignited  on  D  ecember  6,  the  vehicle  rose 
only  a  little  over  a  meter  and  faltered.  As  it  fell  back,  the  fuel 
tanks  ruptured  and  the  rocket  rumpled  to  the  ground  enveloped  in 
hellish  flames  and  billowing  smoke  From  the  top  of  the  three- 
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stage  rocket  the  silvery  6-inch  satellite  plummeted  25  meters 
through  the  flames  and  bounced  on  the  concrete  deck.  There  our 
wounded  bird,  Its  antenna  badly  bent,  radiated  a  futile  signal  at 
108  megahertz.  [Roger  Easton  later  retrieved  the  satellite  and 
brought  It  home,  where  he  kept  It  In  a  closet.]''^ 

Amidst  all  of  the  subsequent  report  writing  and  public  humilia¬ 
tion,  Hagen  and  histeam  still  had  a  test  schedule  to  complete  But 
there  would  be  no  mercy.  On  January  22,  a  series  of  del  ays  scrubbed 
the  schedul  ed  fl  i  ght  of  Ameri  ca's  second  attempt  to  answer  the  Sput- 
niks  The  ridicule  was  brutal.  "The  Soviet  delegation  to  the  United 
Nations  jokingly  offered  to  include  us  in  the  USSR  program  of  tech¬ 
nical  assistance  to  developing  nations,"  Friedman  recalls'^^Thejoke 
at  the  Pentagon  was  a  new  N  avy  sal  ute— a  hand  cl  asped  to  the  fore¬ 
head 

Stuck  plugs  and  a  leaky  fuel  system  on  subsequent  days  prolonged 
the  delay.  That's  when  Wernher  von  Braun  and  his  rocket  crew  with 


The  world  watched  on 
Decembers,  1957  when 
this,  the  first  firing  of  the 
complete  three-stage 
Vanguard  Program  rocket 
burst  into  flames  just  two 
months  after  the  Soviet 
Union  had  successfully 
launched  its  first  Sputnik 
satellite. 
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theArmyBallisticMissileAgency,  whosetop  priority  mission  had  been 
the devel  opment  of  i  ntermedi  ate-range  and  i  nterconti  nental  bal  I  i sti  c 
missiles,  received  authorization  to  launch  their  satellite-tipped  Jupi¬ 
ter  C.  On  the  night  of  January  31,  the  Army's  Explorer  I  satellite  in¬ 
deed  had  begun  ci  rcl  i  ng  the  Earth,  a  fact  al  I  too  cl  ear  to  the  N  avy  men 
track!  ngitsorbitwiththeMini  track  system  th  ey  h  ad  bu  i  1 1  sped  f  i  cal  I  y 
for  tracking  Vanguard  satellites  In  the  end,  it  was  the  Army,  not  the 
N  avy,  that  Ameri  cans  woul  d  remember  as  meet!  ng  the  Sovi  ets  i  n  the 
space  race 

H  agen's  ordeal  was  not  yet  compi  ete  After  several  more  del  ays  i  n 
early  February,  another  satellite-tipped  Vanguard  rocket  finally  lifted 
off  but  it  broke  up  after  reaching  a  little  more  than  four  miles  On 
March  8,  the  next  launch  attempt,  a  plug  involved  in  thefuel  pressur- 
i  zati  on  process  fai  I  ed  to  come  free  The  I  uck  of  the  I  ri  sh  fi  nal  I  y  came 
Hagen's  way  at  7:15  a.m.  on  St.  Patrick's  Day,  March  17.  This  Van¬ 
guard  rocket  soared  upward  to  deliver  its  3^2  pound  satellite;  which 
Sovi etpremierNikitaKruschev  had  dubbed  "the grapefruit,"  into  or¬ 
bit. 

Although  Pro]  ect  Vanguard  suffered  every  PR  cal  ami  ty  i  n  the  book, 
it  was  an  astounding  achievement  in  rocketry  from  an  engineering 
poi  nt  of  vi  ew.  I  n  j  ust  2  V2  years,  a  new  rocket  system  and  satel  I  ite  had 
gonefrom  an  all-paper  design  stage  to  a  successfully  launched  satel¬ 
lite  The  legacy  of  the  project's  rocket  designs  would  trace  through 
SB/eral  NASA  and  Ai  r  Forcevehicles  i  ncl  udi  ngtheDelta  booster,  whi  ch 
would  bring  the  United  States  into  the  era  of  manned  spaceflight. 
Moreover,  the  Minitrack  system  would  become  the  basis  of  all  satel¬ 
litetracking,  i  ncl  udi  ng  the  advanced  and  comprehensive  space  sur- 
vei  1 1  ancesystem  code  named  SPASU  R.^°  With  SPASU  R,  the  U  .S.  coul  d 
detect  unannounced  launchings  of  satellites  by  foreign  nations 

In  addition  to  these  engineering  and  surveillance  developments, 
theVanguard  I  satellite  yieldedamodicum  of  new  scientificinforma- 
tion.  Amongthem  were moredata about thesubtlynonspheri cal  shape 
of  the  Earth  and  the  periodic  variations  in  the  density  of  the  upper 
atmosphere 
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M  odei  of  the  sateiiite, 
known  as  "the  grapefruit," 
that  NRL  successfuiiy 
bunched  into  orbit  on 
March  17, 1958 


To  Hagen,  none  of  thesewerethe  most  important  outcome  "The 
greatest  achievement  of  Project  Vanguard,"  he  opined, "...  was  the 
development  of  a  group  of  dedicated  and  talented  scientists  and  en¬ 
gineers  who  came  to  understand  thoroughly,  perhaps  the  hard  way, 
theoverall  compi  exities  of  the  space  programs  Indeed  thislegacy 
of  human  talent,  expertise  and  ambition  would  have  lasting  effects 
both  within  and  without  NRL. 

The  first  major  ripple  began  swelling  into  a  major  new  wave  of 
theSpaceAgejust  weeks  after  Vanguard  I  went  into  orbit  when  Presi¬ 
dent  Eisenhower  set  into  motion  a  series  of  actions  that  led  to  the 
creation  of  thecivilian  National  Aeronautics  and  Space  Administra¬ 
tion  (NASA)  on  October  1, 1958.  Bythen,  there  were  pocketsof  rocket 
expertise  at  NRL,  theArmy  Ballistic  Missile  Agency  that  had  put  Ex¬ 
plorer  1  into  orbit,  the  Air  Force  Cambridge  Research  Laboratories, 
thejet  Propulsion  Laboratory  (J  PL),  and  several  other  places  Among 
these  however,  NRL  supplied  the  largest  portion  of  NASA's  initial 
technical  staff. 

"It  was  a  foregone  conclusion  that  NRL's  Vanguard  group— 150 
strong— were  to  become  part  of  NASA,  as  they  did  on  November  16, 
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1958,"  accordingto  one  of  NASA's  own  accounts  of  its  early  hi  story. 
"Asitturned  out,  NRL  also  providedthegreatbulkof  NASA's  sou  nd- 
i  ng  rocket  know-how  when,  on  December  28, 1958,  J  ohn  Townsend, 
J  r.,  transferred  to  NASA,  as  di d  46  N  RL  sci enti sts  and  engi  neers  i  n  the 
Rocket  Sonde  Research  Branch  that  began  with  Ernst  Krause's  vision 
in  1946.  So  about  200  NRLers  became  part  of  NASA's  initial  staff. 

This  I  arge  conti  ngent  of  N  RL  researchers  became  the  prof  essi  onal 
nuci  eus  of  NASA's  Beltsvi  1 1  eSpace  Center,  the  NASA  faci  I  ity  i  n  subur¬ 
ban  Maryland  just  north  of  Washington  that  would  become  the  cen¬ 
ter  of  NASA's  unmanned  space  programs  When  the  Beltsvi  1 1  e  Space 
Center  was  renamed  the  Goddard  Space  FI  i  ght  Center  i  n  1959,  former 
NRL  staff  held  many  top  management  positions  as  well  ascompris 
ing  the  bulk  of  the  Center's  talent  in  sounding  rocket  science  and 
technology.  Moreover,  a  cadre  of  the  pioneers  and  leaders  of  NRL's 
rocket  research  and  design  effort— including  Homer  Newell,  Milton 
Rosen,  andjohn  Hagen— also  took  over  high  level  positions  at  NASA's 
headquarters  in  downtown  Washington,  DC.  It  is  no  exaggeration  to 
say  that  these  men  and  their  many  NRL  colleagues  who  worked  on 
the  rockets  from  the  V-2  days  onward  through  the  Vi ki  ng  and  Van¬ 
guard  programs  are  among  that  group  of  peopi  e  responsi  bl e  for  the 
advent  of  the  Space  Age^^ 

Even  after  the  great  exodus  of  rocket  experti  sefrom  N  RL  to  N  ASA, 
some  very  powerful  roots  were  I  eft  behind.  A  small  remai  ning  contin¬ 
gent  of  th  ese  rocket  sci  enti  sts  i  mmed  i  atel  y  began  regrowi  n  g.  0  n  e  of 
them  was  Marty  Votaw.  "He  thought  that  the  Navy  should  stay  in 
space"  recounts  Peter  Wi  I  hel  m,  who  began  worki  ng  for  Votaw  i  n  I  ate 
1959  i  n  thenewl  y  formed  Satel  I  iteTechni  ques  Branch.^^  Wi  I  hel  m  grew 
up  in  Yonkers,  New  York,  earned  a  degree  in  Electrical  Engineering 
from  Purdue  University,  and  worked  on  classified  submarine  elec¬ 
tronic  devel  opment  at  a  Chi  cago  engi  neeri  ng fi  rm  before]  oi  ni  ng  N  RL. 

"Votaw  convi  need  peopi  ethat  stay!  ng  i  n  space  was  i  mportant  and 
that  the  Navy  shouldn't  get  out  of  the  business,"  Wilhelm  recalls^^ 
After  Votaw  fi  rst  convi  need  the  N  RL  D  i  rector  of  Research  Robert  Page 
and  other  decision  makers  to  reestablish  asmall  satellite  group,  Votaw 
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scrounged  up  $100,000  to  get  the  new  branch  off  the  ground.  "There 
was  still  some  residual  hardware  around  that  NASA  had  not  scoffed 
up,"  recalls  Wilhelm.^®  A  junior  member  of  the  branch,  Wilhelm's 
first  task  was  to  build  radio  frequencytransmittersfor  Sol  rad  I,  NRL's 
fi  rst  post- Vanguard  satellite;  whose  mission  was  to  measure  solar  ra¬ 
diation,  a  research  goal  snugly  I  inked  to  Taylor's  and  Hul  hurt's  iono¬ 
spheric  studies  in  the  1920s  Besides  Votaw  and  Wilhelm,  who  now 
di  rects  N  RL's  N  aval  Center  for  Space  Technol  ogy,  there  were  a  hand¬ 
ful  of  others  i  n  the  new  branch  that  comprised  N  RL's  own  post- Van¬ 
guard  seed  i  n  the  fi  el  d  of  satel  I  ite  engi  neeri  ng. 

Thefi  rst  project  of  N  RL's  regen erati  ngspacesci  encegroup— Sol  rad 
I— proved  to  beagood  omen.Thesatellite'snameisacontraction  of 
the  phrase  "solar  radiation."  Sol  rad  I  was  larger  than  the  grapefruit¬ 
sized  Vanguard  satellite;  but  not  by  much.  Like  fraternal  twins  in  a 
womb,  the  N  RL  satel  I  i  te  and  a  navi  gati  on  satel  I  i  te  cal  I  ed  Transi  t  ( bu i  1 1 
by  the  AppI  i  ed  Physi  cs  Laboratory  affi  I  i  ated  with  J  oh  ns  H  opki  ns  U  ni- 
versity)  sattogetherinthetipof  aThorAbel  rocket.  On  June  22, 1960, 
the  rocket  shuttled  Sol  rad  I  into  orbit  whereforthenext  10  monthsit 
telemetered  data  about  the  Sun  to  NRL  scientists  This  achievement 
was  simultaneously  a  birth  of  satel  I  ite  navi  gati  on,  which  NRL  would 
get  into  in  the  biggest  way,  and  an  optimistic  rebirth  for  NRL's  solar 
scientists 

Thistime  luck  was  abundantly  on  NRL's  side  Not  only  was  the 
launch  a  success,  but  the  cosmos  cooperated  with  Herbert  Friedman 
and  his  colleagues,  who  had  built  X-ray  and  ultraviolet  detectors  on 
the  hypothesis  that  solar  X-rays  were  indeed  responsible  for  radio 
fadeouts  A  rival  idea  was  that  Lyman-alpha  emission  from  the  Sun, 
which  is  ultraviolet  radiation,  was  to  blame  With  the  two  kinds  of 
detectors  aboard  Sol  rad  I,  the  NRL  scientists  had  the  means  of  per¬ 
forming  a  critical  test  and  hopefullysettlingtheissue 

"Shortlyafter  we  went  into  orbit,  onlyafewdayslater,  there  wasa 
major  explosion  on  the  Sun,  a  major  event,"  along  with  radio  distur¬ 
bances,  Wilhelm  recalls  "And  what  we  saw  from  the  satellite  was  a 
hugeincreasein  X-rays  buttheLyman-alpha  emission  wasprettymuch 
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constant.  So  that  nailed  it  more  precisely  than  before Friedman 
was  right.  Solar  X-rays  delivered  the  energy  driving  ionospheric  dis¬ 
turbances  An  i  mportant  questi  on  of  sol  ar  physi  cs  had  been  answered. 
Sol  rad  I  marked  the  begi  nni  ng  of  an  unendi  ng  stream  of  satel  I  ite  en- 
gineering  advances  and  space  science  discoveries  made  by  NRL  re 
searchers 

Sol  rad  I  was  the  fi  rst  of  14  Sol  rad  satel  I  ites  whose  col  I  ecti  ve  mis¬ 
sion  was  to  characterize  the  Sun's  radiation  reachi  ng  the  Earth's  up¬ 
per  atmosphere  The  failed  launch  of  Sol  rad  II  was  a  sobering  re 
minder  that  space  science  would  be  no  cakewalk.  The  next  launch 
three  months  I  ater  had  mixed  results  Aboard  a  Thor-AbI  eStar  rocket 
was  the  first  Low  Frequency  Trans-lonospheric  satellite  (LOFTI  I), 
whose  mi  ssi  on  was  to  determi  ne  whether  I  ow-frequency  radi  o  waves 
could  penetratethe  ionosphere  well  enough  to  be  used  to  communi¬ 
cate  with  submerged  submarines  Unfortunately,  the  satel  I  ite  failed 
to  separate  from  another  satellite  on  which  it  was  riding  piggyback. 
Despite  that  snafu,  LOFTI  I  collected  datafor  36  days  before  falling 
into  the  upper  atmosphere  and  disintegrating.  Moreover,  themission 
answered  the  questi  on  it  was  designed  to  answer:  the  ionosphere  was 
too  disruptive  to  allow  for  reliablesubmarine  communications  with 
circuits  that  go  through  the  ionosphere  Data  I  ike  that  would  move 
Navy  decision  makers  to  build  enormous,  land-based,  low-frequency 
antennae 

The  next  I  aunch  suffered  a  si  mi  I  ar  fate:  the  satel  I  itefai  I  ed  to  sepa¬ 
rate  The  next  two  I  aunchesfai  I  ed  compi  etel  y.  Though  thefact  offered 
I  i  ttl  esol  ace  nooneelsein  theyoung  rocket  busi  ness  was  doi  ng  much 
better.  There  is  no  shortage  of  film  clips  from  these  early  years  show¬ 
ing  rockets  blowing  up  on  launch  pads  or  going  astray  soon  after 
I  aunch.  I  n  the  rocket  busi  ness,  one  must  crash  before  onefi  i  es,  a  tru¬ 
ism  that  was  I  ater  transformed  at  N  RL  i  nto  the  adage:  "You  can  make 
mistakes*  just  don't  launch  them."^® 

Finally,  with  NRL's  seventh  post- Vanguard  satellite  launch,  on 
December  13, 1962,  theroad  began  to  smooth  out.  Thistime  aThor- 
Agena  rocket  successful  I  y  earn  ed  a  pai  r  of  cl  assifi  ed  satel  I  ites,  a  cal  i- 
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bration  satellite  for  the  ground-based  Space  Surveillance  systenn 
(SPASUR)  and  the  tiny,  3  kilogram,  Cal  sphere  I  satellite;  whose  role 
was  to  help  satellite  trackers  on  the  ground  get  better  at  identifying 
specific  objects  in  space  Since  1960,  NRL  has  been  involved  in  more 
than  30  launches,  collectively  bearing  more  than  80  NRL-built  satel¬ 
lites  (see  launch  manifest  on  the  next  page). 

Besi  des  measuri  ng  sol ar  radi ati on  and  cal  i  brati  ng  satel  I  i tetracki  ng 
systems,  NRL-madesatel  I  ites  have  harvested  massive  amounts  of  basic 
data  that  became  crucial  forsubsequentsatellitedesign  and  for  overal  I 
thi  nki  ng  about  how  thespaceenvi  ronment  can  further  the  N  av/s  mis- 
sion  and  capabilities  Some  satel  I  ites  measured  gravitational  gradients 
over  the  Earth,  which  isimportantforsuchthingsasthegeneral  design 
of  orbital  trajectories  for  satellites  Some  have  monitored  the  thermal 
effects  on  satellites  and  components  of  cyclic  heating  and  cooling  as 
the  spacecraft  circle  into  and  out  of  the  Sun's  light.  Still  others  have 
investigated  the  propagation  of  various  low-  and  high-  frequency  ra¬ 
dio  wavelengths  through  the  ionosphere  for  space-based  communica¬ 
tion,  the  measurement  of  drag  on  satellites  as  a  function  of  altitude 
and  the  pi  acement  of  orbiti  ng  atomi  c  cl  ocksfor  submari  ne  navi  gati  on 
and  position  determination.  In  addition,  many  launches  have  carried 
classified  payloads 

So  routine  did  NRL's  presence  in  space  become  that  it  isnowjust 
another  bul  I  et  on  the  Laboratory's  curri  cul  um  vitae  Yet  some  accom- 
pl  ishments  do  stand  out.  One  of  them  is  commemorated  i  n  the  mai  n 
hallway  of  the  Smithsonian  Institution's  Air  and  Space  Museum  in 
Wash  i  ngton,  DC .  There  mi  1 1  i  ons  of  vi  si  tors  stop  by  a  mock-up  of  Apol  I  o 
16's  I  andingmodul  eon  a  simulated  Moon  site  In  front  of  thissceneis 
a  duplicate  of  the  Far  Ultraviolet  Camera/Spectrograph,  which  was 
desi  gned  at  N  RL  by  engi  neer  George  Carruthers 

The  real  Far  U  Itravi  ol  et  Camera,  whose  gol  den  surfaces  sti  II  refi  ect 
sunlight  from  the  Moon,  constituted  thefirstand  only  lunar  observa¬ 
tory.  Onceit  wasset  up  on  the  surface  of  the  Moon  by  the  Apollo  16 
crew— a  perch  where  there  was  no  UV-absorbing  atmosphere  as  on 
Earth— the  camera  snapped  178  pictures  of  the  ultraviolet  I  ight  from 


202  ♦  Pushing  the  H orizon 


NAVAL  CENTER  FOR  SPACE  TECHNOLOGY 

NRL  SATELLITE  LAUNCHES 


Name 

Purpose 

Vehicle 

Launch  Dale 

Useful  Lifetime 

Comment  | 

1 

1 

SR  1 

Solar  X-rays 

42 

10  mo. 

2 

2 

SR  II 

Solar  X-rays 

40 

Launch  vehicle  failed 

3 

3 

LOFTM 

Low  (req.  radio 

57 

THOR-ABLE-STAR 

No  separation 

4 

4 

SR  III 

Solar  X-rays 

40 

THOR-ABLE-STAR 

29  June  '61 

5  mo. 

No  separation 

5 

5 

SR  IV  A 

Solar  X-rays 

55 

THOfl-ABLE-STAR 

24  Jan.  '62 

6 

LOFTI II  A 

Low  (req.  radio 

60 

THOR-ABLE-STAR 

24  Jan.  '62 

Launch  vehicle  failed 

7 

SURCAL  t 

SPASUR  callb. 

5 

THOR-ABLE-STAR 

24  Jan.  '62 

6 

8 

SR  IV  B 

Solar  X-rays 

55 

SCOUT 

26  Apr.  '62 

Launch  vehicle  failed 

9 

SR  V 

Solar  X-rays 

Never  launched 

7 

10 

PL  120 

Classified 

55 

THOR-AGENA 

13  Dec.  '62 

36  mo. 

Operation  satisfactory 

11 

PL  121 

Classified 

55 

THOR-AGENA 

13  Dec.  '62 

36  mo. 

Operation  satisfactory 

12 

SURCAL  II 

SPASUR  callb. 

9 

THOR-AGENA 

13  Dec.  '62 

36  mo. 

Operation  satisfactory 

13 

CALSPHERE 1 

Object  identification 

3 

THOR-AGENA 

13  Dec.  '62 

Passive 

Decayed  6  mo. 

8 

14 

SR  VI 

Solar  X-rays 

85 

THOR-AGENA 

15  June  '63 

Decayed  47  days 

Operation  satisfactory 

15 

LOFTI  II  8 

Low  freq.  radio 

65 

THOR-AGENA 

15  June  '63 

Decayed  33  days 

Operation  satisfactory 

16 

PL  112 

Classified 

60 

THOR-AGENA 

15  June  '63 

Decayed  42  days 

Operation  satisfactory 

17 

Dosimeter 

Radiation  counter 

85 

THOR-AGENA 

15  June  '63 

Decayed  45  days 

Operation  satisfactory 

18 

SURCAL  III 

SPASUR  callb. 

9 

THOR-AGENA 

15  June  '63 

Decayed  19  days 

Operation  satisfactory 

9 

19 

SR  VII  A 

Solar  X-rays 

89 

THOR-AGENA 

11  Jan.  '64 

23  mo. 

Operation  satisfactory 

20 

GGSEI 

Gray,  grad.exp. 

84 

THOR-AGENA 

11  Jan.  '64 

48  mo. 

Operation  satisfactory 

21 

PL  135 

Classified 

65 

THOR-AGENA 

11  Jan.  '64 

21  mo. 

Operation  satisfactory 

10 

22 

□RAGSPKERE 1 

DRAG  exp. 

2 

THOR-ABLE-STAR 

6  Oct.  '64 

Passive 

Operation  satisfactory 

23 

ORAQSPHERE  II 

DRAG  exp. 

21 

THOR-ABLE-STAR 

6  Oct.  '64 

Passive 

Operation  satisfactory 

11 

24 

SR  VII  B 

Solar  X-rays 

103 

THOR-AGENA 

9  Mar.  '65 

52  mo. 

Operation  satisfactory 

25 

PL  142 

Classified 

106 

THOR-AGENA 

9  Mar.  '65 

15  mo. 

Operation  satisfactory 

26 

GGSE  II 

Gray.  grad.  exp. 

130 

THOR-AGENA 

9  Mar.  '65 

44  mo. 

Operation  satisfactory 

27 

GGSE  ill 

Gray.  grad.  exp. 

130 

THOR-AGENA 

9  Mar.  '65 

16  mo. 

Operation  satisfactory 

28 

SURCAL  IV 

SPASUR  callb. 

ID 

THOR-AGENA 

9  Mar.  '65 

Operation  satisfactory 

29 

DODECAPOLE 1 

Object  identification 

9 

THOR-AGENA 

9  Mar.  '65 

Passive 

Operation  satisfactory 

12 

30 

TEMPSAT 1 

Thermal  design  exp. 

19 

THOR-ABLE-STAR 

13  Aug.  '65 

3  mo.  design  life 

Operation  satisfactory 

31 

LONG  ROD 

Object  Identification 

6 

THOR-ABLE-STAR 

13  Aug.  '65 

Passive 

Operation  satisfactory 

32 

SURCAL  V 

SPASUR  callb. 

11 

THOR-ABLE-STAR 

13  Aug.  '65 

7  years 

Operation  satisfactory 

33 

CALSPHERE  11 

Object  Identification 

8 

THOR-ABLE-STAR 

13  Aug.  '65 

Passive 

Operation  satisfactory 

34 

DODECAPOLE  II 

Object  identification 

9 

THOR-ABLE-STAR 

13  Aug.  '65 

Passive 

Operation  satisfactory 

13 

35 

EXPLORER  30 

SR  VIII  (PL  145) 

Solar  X-rays 

125 

SCOUT 

19  Nov.  '65 

24  mo. 

Operation  satisfactory 

14 

36 

PL  137 

H.F.  wave  prop. 

90 

ATLAS-AGENA 

16  Mar.  '66 

5  day  design  life 

50%  satisfactory 

15 

37 

PL  151 

Gray,  grad.exp. 

115 

THOR-AGENA 

31  May  '67 

4  years 

Operation  satisfactory 

38 

GGSE  IV 

Gray,  grad.exp. 

187 

THOR-AGENA 

31  May  '67 

5  years 

Operation  satisfactory 

39 

PL  153 

Gray,  grad.exp. 

169 

THOR-AGENA 

31  May  '67 

Operation  satisfactory 

40 

GGSEV 

Gray,  grad.exp. 

231 

THOR-AGENA 

31  May  '67 

6  years 

Operation  satisfactory 

41 

TIMATION  1 

Navigation 

65 

THOR-AGENA 

31  May  '67 

24  mo. 

Operation  satisfactory 

42 

CALSPHERE  III 

Object  identification 

10 

THOR-AGENA 

31  May  '67 

Passive 

Operation  satisfactory 

43 

CALSPHERE IV 

Object  identification 

7 

THOR-AGENA 

31  May  '67 

Passive 

Operation  satisfactory 

16 

44 

EXPLORER  37 

SR  IX  (PL  155) 

Solar  X-rays 

197 

SCOUT 

5  Mar.  '68 

6  years 

Operation  satisfactory 

17 

45 

ORBIS  CALI 

H.F.  wave  prop. 

67 

ATLAS-BURNER  II 

16  Aug.  '68 

Launch  vehicle  failed 

IS 

46 

ORBIS  CAL  II 

H.F.  wave  prop. 

85 

ATLAS-OVI 

17  Mar.  '69 

7  day  design  life 

Lau.  veh.  poorly  oriented 

19 

47 

PL  161 

Gray.  grad.  exp. 

220 

THORAO-AGENA 

30  Sept.  '69 

12  mo. 

Open  sat.  till  battery  fail. 

48 

PL  162 

Gray.  grad.  exp. 

223 

THORAD-AGENA 

30  Sept.  '69 

6  mo. 

Op.  sat.  till  cmd.  sys.  fail. 

49 

PL  163 

Gray.  grad.  exp. 

225 

THORAD-AGENA 

30  Sept.  '69 

3  years 

Operation  satisfactory 

50 

PL  164 

Gray.  grad.  exp. 

227 

THORAD-AGENA 

30  Sept.  ‘69 

6  mo. 

Op.  sat.  till  cmd.  sys.  fail. 

51 

TIMATION  II 

Navigation 

137 

THORAD-AGENA 

30  Sept.  '69 

6  years 

Operation  satisfactory 

52 

PL  176 

Classified 

50 

THORAD-AGENA 

30  Sept.  '69 

Operation  satisfactory 

53 

TEMPSAT  11 

Thermal  design  exp. 

30 

THORAD-AGENA 

30  Sept.  '69 

Operated  for  design  life 

54 

CONE 

Object  Identification 

7 

THORAD-AGENA 

30  Sept.  '69 

Operation  satisfactory 

55 

CYLINER 

Object  Identification 

6 

THORAD-AGENA 

30  Sept.  '69 

Passive 

Operation  satisfactory 

20 

56 

PL 170A 

Drag.  exp.  (gold  piste) 

1.6 

THOR-BURNER  11 

16  Feb.  '71 

Passive 

Operation  satisfactory 

57 

PL  170B 

Drag.  exp.  (polished  Al) 

1.6 

THOR-BURNER  II 

16  Feb.  '71 

Passive 

Operation  satisfactory 

58 

PL 170C 

Drag.  exp.  (polished  Al) 

1.6 

THOR-BURNER  II 

16  Feb.  '71 

Passive 

Operation  satisfactory 

21 

59 

EXPLORER  44 

SR  X  (PL  165) 

Solar  X-rays 

263 

SCOUT 

8  July  '71 

7  years 

Operation  satisfactory 

22 

60 

PL  171 

Gray.  grad.  exp. 

271 

THORAD-AGENA 

14  Dee.  '71 

8  years 

Operation  satisfactory 

61 

PL  172 

Gray.  grad.  exp. 

271 

THORAD-AGENA 

14  Dec.  '71 

Operation  satisfactory 

62 

PL  173 

Gray.  grad.  exp. 

282 

THORAD-AGENA 

14  Dec. '71 

Operation  satisfactory 

63 

PL  174 

Gray.  grad.  exp. 

282 

THORAD-AGENA 

14  Dec.  '71 

Operation  satisfactory 

23 

84 

TIM.  lll/NTS-1 

Navigation 

1132 

ATLAS-F 

14  July '74 

5  years 

Operation  satisfactory 

24 

65 

SR11A(PL  175) 

Solar  X-rays 

403 

15  mo. 

Operation  satisfactory 

66 

SR11B(PL  177) 

Solar  X-rays 

403 

TITAN  me 

14  Mar. '76 

40  mo. 

Operation  satisfactory 

25 

67 

MSD 

Upper  stage/dispenser 

1299 

41  days 

Operation  satisfactory 

68 

181 

Classified 

432 

ATLAS-F 

30  Apr.  '76 

7  years  mo. 

Operation  satisfactory 

69 

182 

Classified 

432 

7  years  mo. 

Operation  satisfactory 

70 

183 

Classified 

432 

7  years  mo. 

Operation  satisfactory 

26 

71 

NTS.2 

Navigation 

1711 

ATLAS-F 

23  June  '77 

Operating 

Operation  satisfactory 

27 

Upper  stage/dispenser 

1299 

31  days 

Operation  satisfactory 

Classified 

432 

6  years  mo. 

Operation  satisfactory 

Classified 

432 

6  years  mo. 

Operation  satisfactory 

Classified 

432 

5  years  mo. 

Operation  satisfactory 

28 

■fi^niillllllllll 

Devel.  test  exp. 

102 

ATLAS-F 

Launch  vehicle  failed 

29 

77 

LIPS  II 

Devet.  test  exp. 

ATLAS-H 

8  years 

Operation  satisfactory 

30 

78 

LIPS  III 

Solar  cell  exp. 

ATLAS-H 

6  years 

Operation  satisfactory 

31 

79 

LACE 

Laser  exp. 

DELTA  11 

3  years 

Operation  satisfactory 

32 

80 

TLD 

Upper  stage/satelllte 
dispenser 

1600 

TITAN 

8  June  '90 

4  years  mo. 

Operation  satisfactory 

■ 

CLEMENTINE 

Light  wt  technology 
Moon  mapping 
Autonomous  operations 

TITAN  II  G 

25  Jan  '94 

Operation  satisfactory 

■ 

INTERSTAGE 

Radiation  & 

mlcrometerold  detection 

Operation  satisfactory 

■ 

TIPS 

Tether  physics  and 
survivability  experiment 

H 

TITAN  IV 

(deployed) 

20  June  '96 

operating 

Operation  satisfactory 

4/97 


Manifest  of  NRL  space  launches  spanning  from  1960  to  the  late  1990s 
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the  Earth,  cosmic  gas  clouds,  and  star  clusters.  What  magnifies 
Carruthers'  accomplishment,  which  stands  high  merely  by  technical 
criteria,  isthat  he  was  a  veritable  Jackie  Robinson  in  the  world  of  as¬ 
tronomy  when  he  worked  on  the  project  in  the  I  ate  1960s  "Back  in  my 
day,  there  really  and  truly  was  no  African  American  rolemodel  in  as 
tronomy  that  I  could  look  to,"  Carruthers  recalls^®  Now  he  has  be¬ 
come  one 

Another  highlight  was  entered  in  N  RL's  space  science  resume  dur¬ 
ing  the  foil  owing  decade  when  John-David  Bartoef®  and  Diane  Prinz 
were  chosen  as  payload  specialists  in  NASA's  Space  Shuttle  Program. 
Thetwo  N  RL  sci  entists  underwent  extensive  astronaut  trai  ni  ng,  i  ncl  ud- 
i  ng  ri  des  on  speci  al  i  zed  707  ai  rcraft  whose  rol  I  er-coaster-l  i  kefi  i  ^t  paths 
provided  nauseating,  20-second  snippets  of  weightlessness®^  On  July 
29, 1985,  Bartoe  and  the  rest  of  the  crew  of  the  Chal  I  enger  soared  i  nto 
space 

Aboard  were  two  NRL-made  instruments— the  High  Resolution 
Tel  escope  and  Spectrograph  ( H  RTS)  and  the  Sol  ar  U  Itravi  ol  et  Spectral 
Irradiance  Monitor  (SUSIM).  The  HRTS  was  designed  to  observe  the 
high  energy  physics  going  on  just  above thedisk  of  theSun  within  the 
solar  corona.  The  SUSIM  instrument's  charge  was  to  observe  that  range 
of  sol  ar  U  V  radi  ati  on  that  i  s  the  mai  n  source  of  energy  dri  vi  ng  the  dy- 
nami  cs  of  Earth's  upper  atmosphere 

Bartoe  ended  his  once-in-a-lifetime  orbital  adventure  on 
August  when  he  returned  to  Earth  with  the  H  RTS  and  SU  SI  M  i  nstru- 
ments  and  a  ri  ch  cache  of  new  data  that  have  become  i  mportant  i  n  the 
ongoing  quest  to  understand  the  complex  physics  occurring  within, 
on,  and  above  the  Sun,  as  well  as  the  solar-driven  phenomena  in  the 
Earth's  upper  atmosphere  Upon  Bartoe's  glorious  return,  Diane  Prinz, 
who  served  as  science  program  manager  on  thegroundduringthemis- 
sion,  was  looking  forward  to  her  own  turn  on  a  subsequent  shuttle 
mission.  But  those  plans  evaporated  in  the  aftermath  of  the  disaster  in 
1986  in  which  the  same  shuttle  Bartoe  flew  on— the  Chal  I  enger— ex¬ 
ploded  soon  after  launch,  killingtheseven  astronauts  aboard. 
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An  Apollo  16  astronaut  faces  the  Far-Ultramlet  Camera/Spectrograph 
that  NRL  scientist  George  Carruthers  designed. 


Even  before  the  tragedy,  however,  the  pace  of  space  science  and 
satel  I  ite  bui  I  di  ng  at  N  RL  had  si  owed.  After  an  earl  i  er  rocket  fai  I  ure  i  n 
late  1980,  the  pace  of  satellite  launches  for  NRL  diminished  to  one 
every  three  to  four  years,  except  in  1990  when  NRL  launched  two 
satellites  Part  of  the  slowdown  was  due  to  the  shift  in  national  em- 
phasi  s  from  expendabi  e  rocket  I  aunches  to  the  Space  ShuttI  e  concept 
involving  reusable  rocket  components  The  explosion  of  the  Chal- 
I  enger  only  exacerbated  the  trend  of  i  ncreasi  ng  the  i  ntervals  between 
launches 

Agood  partoftheslowdown,  however,  wasanatural  consequence 
of  the  spiraling  cost  and  complexity  of  each  space  mission.  For  most 
of  thesatellite-building  community,  each  new  project  involved  more 
people;  more  organizations  more  parts,  more  sophistication,  and 
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more  management  to  i ntegrate  it  al  I .  With  so  much  materi al ,  fi  nan- 
cial,  human,  and  emotional  resources  sitting  atop  tons  and  tons  of 
rocket  fuel— a  situation  in  which  the  risk  of  failure  would  never  be¬ 
come  negl  i  gi  bl  e— each  proj  ect  took  far  more  ti  me  to  become  ready 
for  launch. 

BecauseNRL'ssatelliteengineering  budget  had  always  been  in  the 
mi  nor  I  eaguecompared  to  NASA's,  N  RL'ssatel  I  iteengi  neers  never  had 
theoption  of  adopting  the  bigger,  more  expensive  trend  in  spacecraft 
design,  according  to  Wilhelm.  So  when  Daniel  Goldin,  director  of 
NASA,  publicly  announced  that  his  civilian  space  agency  was  taking 
on  a  new  philosophy  of  "smaller,  better,  cheaper,"  there  was  a  famil¬ 
iar  ring  to  itatNRL. 

Most  emblematic  of  this  design  philosophy  was  the  successful 
1994  launch  of  the  Deep  Space  Program  Science  Experiment,  more 
familiarly  known  as  C/emmf/ne.®^  The  purpose  of  the  mission,  which 
wasfunded  undertheStrategicDefenselnitiative(SDI)  and  its  subse¬ 
quent  incarnation  as  the  Ballistic  Missile  Defense  Organization 
( BM  DO ) ,  was  to  test  new  I  i  ghtwei  ght  sensors,  i  magi  ng  technol  ogi  es, 
and  other  components  and  to  see  if  a  spacecraft  could  home  i  n  on  a 
distant  target,  in  thiscasean  asteroid.  As  an  experienced  satelliteen- 
gi  n eeri  n g  faci  I  i  ty  wi  th  i  n  th e  mi  I  i  tary  estabi  i  sh  ment  wi  th  a  track  record 
for  successful ,  on-budget  I  aunches,  N  RL's  N  aval  Center  for  SpaceTech- 
nology  became  a  natural  darlingof  SDI. 

A  mere  22  months  after  Lt.  Col .  P.  Rustan  of  the  Strategi  c  Defense 
Initiative  Organization  asked  NRLto  come  up  with  the  details  for  a 
mission,  Clementine  was  on  its  way  on  amission  with  both  military 
and  scientific  goals  The  military  goal,  now  under  the  auspices  of 
BM  D  0 ,  was  toseehowwellanin  expen  si  ve  q  u  i  ckl  y  en  gi  n  eered  space¬ 
craft  might  use  new  generations  of  sensors  communications  tech¬ 
nologies,  and  other  equipmentto  zero  in  on  and  observe  space-based 
objects  in  thiscase  theMoon,  theEarth,  and  an  asteroid.  The  scien¬ 
tific  payoff  would  be  the  most  detailed  study  of  the  Moon  ever,  in¬ 
cluding  a  comprehensi  ve  mappi  ng  of  the  M  oon  usi  ng  nearl  y  a  dozen 
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electromagnetic  bands  The  planners  knew  that  the  resulting  data 
would  comprise  an  enormous  database  about  the  Moon's  topogra¬ 
phy,  geology,  mineralogy,  and  geophysics 

BesidesBMDO  andNRL,theC/emenf/neteam also  included  NASA 
(for  its  Deep  Space  Network  for  satellite  tracking),  the  Lawrence 
Li  vermore  N  ati  onal  Laboratory  (for  the  cameras) ,  the  Ai  r  Force  ( I  argel  y 
for  carrying  out  the  launch),  the  Jet  Propulsion  Laboratory  (for  the 
asteroid  encounter),  and  nearly  50  private  companies 

NRL  began  recei ving  funding  for  C/emmf/ne  in  March  1992.  On 
December  30, 1993,  the  satel  I  ite  was  shi  pped  to  the  Vandenberg  Ai  r 
Force  Base  i  n  Cal  iforni  a.  There  a  team  of  engi  neers  pi  aced  C lementine 
aboard  a  Titan  1 1  rocket.  On  J  anuary  25, 1994,  the  rocket  soared  i  nto 
space  Within  three  months  Clementine  already  had  completed  an 
unprecedented  mapping  of  the  moon,  including  its  dark  side  That 


The  Clementine  Mission  not  only  imaged  the  Moon 
in  unprecedented  detail,  but  it  also  found  signs  of  water 
(as  ice)  in  the  M  oon's  south  polar  region  (shown  above). 
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done  mission  control  engineers  fired  thrusters  on  C/enent/neso  that 
it  would  leave  lunar  orbit  and  head  off  to  a  near-Earth  asteroid.  Un¬ 
fortunately;  a  software  glitch  caused  the  spacecraft  to  fire  virtually  all 
of  its  thruster  fuel .  I  n  addition  to  setti  ng  the  spacecraft  i  nto  a  dizzyi  ng 
spi  n,  the  I  OSS  of  the  thruster  wi  ped  away  any  chance  of  achi  evi  ng  the 
second  goal  of  the  mission— intercepting  and  mapping  an  asteroid. 
Although  hopes  spiked  in  February  1995  when  engineers  were  able 
to  recontact  the  spacecraft  and  communicate  with  onboard  comput¬ 
ers,  they  still  were  unable  to  salvage  the  asteroid  mission. 

Disappointingasthatwas,theC/emenf/ne  mission  became  an  in¬ 
stant  classic.  It  was  widely  acclaimed  in  the  media  as  a  breakthrough 
demonstration  of  how  space  projects  would  be  done  in  the  future 
Even  President  Bill  Clinton  went  on  record  about  the  mission's  suc¬ 
cess.  A  year  after  the  Moon  data  started  pouri  ngi  nto  NRL's  makeshift 
mission  control  in  an  unassuming  rented  brick  building  in  Arling¬ 
ton ,  Vi  rgi  n  i  a,  C I  i  nto  n  stated  th  at  'Th  e  rel  ati  vel  y  i  n  expensi  ve  rapi  d  I  y- 
bu  i  1 1  spacecraft  const!  tuted  a  maj  or  revo  I  uti  on  i  n  spacecraft  man  age 
mentand  design;  it  also  contributed  significantly  to  lunar  studies  by 
photographing  1.8  million  imagesof  thesurfaceof  themoon."®^ 

According  to  Paul  Regeon  and  NRL  colleagues  who  worked  on 
C/emmf/ne,  themultispectral  i  magi  ng  of  the  moon  stands  out  as  the 
mission's  most  important  result.  Moreover,  data  indicated  that  the 
massiveAitken  Basin  at  the  Moon's  South  Poleisthedeepest  basin  in 
the  solar  system,  reaching  some  eight  times  deeper  than  the  Grand 
Canyon. 

O  ne  of  the  most  tantal  i  zi  ng  resul  ts  from  observati  ons  of  thi  s  sun- 
shielded  basin  was  the  then  unconfirmed  hint  of  the  presence  of  ice 
based  on  reflections  of  radio  frequency  energy  emerging  from  the 
basi  n .  Th  at  i  s  an  exd  ti  n  g  f  i  n  d  i  n  g  because  th  e  presen  ce  of  water  of  any 
kind  on  the  Moon  opens  the  possibility  that  the  Moon  may  have 
harbored  lifeatonetime  Moreover,  if  water  isavailableontheMoon, 
thefuturisticvision  of  bull  ding  manned  bases  on  the  Moon  becomes 
that  much  more  real  istic. 
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Soon  before  this  book  went  to  press,  the  planetary  science  com¬ 
munity  received  additional  evidence  of  the  presence  of  water  on  the 
Moon.  Measurements  of  the  Moon's  surface  by  instruments  on  the 
Lunar  Prospector,  which  NASA  launched  on  January  6,  1998,  con¬ 
firmed  the  presence  of  ice  not  only  in  the  Aitken  Basin  where 
Clementine  first  had  found  signs  of  water,  but  also  in  craters  on  the 
Moon's  north  pole 

OneofNRL's  proudest  and  most  celebrated  rolesinthespacesci- 
ence  and  technol  ogy  arena  al  ready  i  s  havi  ng  far  rangi  ng  consequences 
in  both  the  military  and  civilian  realms.  It  began  in  the  mid-1950s 
wi  th  a  seemi  ngl  y  anci  1 1  ary  part  of  Pro]  ect  Vanguard.  Yet  thi  s  anci  1 1  ary 
project  proved  to  be  the  seed  of  today's  most  sophisticated  naviga¬ 
tional  system— the  Global  Positioning  System  (CPS).®"* 

The  rocket  and  its  satellite  payload  were  the  most  obvious  com¬ 
ponents  of  Project  Vanguard.  But  to  confirm  that  a  launched  satellite 
actually  had  begun  orbitingthe  Earth,  itwas  critical  to  be  ableto  track 
the  satellite  and  plot  its  trajectory.  For  that,  Roger  Easton  and  col¬ 
leagues  at  NRL  proposed,  designed,  and  built  the  Minitrack  system. 
Centered  on  se/eral  ground  stati  ons al  ong thesatel  I  i te's expected  fl  i  ght- 
path,  thesystem  detected  and  preciselytimed  signalsemanatingfrom 
th  e  satel  I  i  te's  rad  i  o  transmi  tter.  Th  e  si  i  ght  d  i  fferen  ces  i  n  th  e  ti  me  th  at 
signals  would  be  received  at  the  different  ground  stations  provided 
the  key  for  cal  cul  ati  ng  the  satel  I  ite's  positi  on,  altitude  and  vel  ocity. 

The  Minitrack  system  also  could  detect  and  track  quiet  satellites 
that  emitted  no  signalsso  I  ong  as  radar  signals  could  be  bounced  off 
thesatel  I  itesto  recei  verson  theground.  Theabi  I  ity  to  detect  satel  lites 
passively  became  the  technical  basis  of  the  Naval  Space  Surveillance 
System  ( N AVSPASU R) ,  whi ch  becameoperati onal  i  n  1961  and  remai  ns 
an  active  part  of  the  North  American  Aerospace  Defense  Command 
(NORAD). 

Easton  says  he  real  i  zed  soon  after  concei  vi  ng  of  the  M  i  n  i  track  sys¬ 
tem  that  satellites  carrying  ultraprecise  clocks,  which  could  transmit 
navigational  signals  synchronized  to  a  master  clock,  would  enable 
anyone  recei  vi  ng  those  si  gnal  s  on  the  ground  to  cal  cul  ate  thei  r  own 
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A  series  of  surveiiiance  transmitting  antennae  iike  this  one  at  Lake  Kickapoo, 
Texas,  comprised  a  surveiiiance  system  deveioped  by  NRL  to  detect  unan¬ 
nounced  radio-siient  sateiiites  passing  over  the  United  States. 


locations  at  sea,  on  the  ground,  or  in  the  air.  The  concept  of  using 
satel  I  itesfor  I  ocati  on-finding  and  navigation  on  Earth  wasthelogical 
fl  i  p  si  de  of  the  concept  of  usi  ng  Earth-based  radar  to  track  satel  I  i  tes 

There  were  additional  calls  in  the  1950s  for  better  navigational 
tools  When  nuclear  submarines  carrying  nuclear-tipped  Polaris  mis 
si  I  es  became  a  central  pi  1 1  ar  of  U  .5.  mi  I  i  tary  strategy,  the  probi  em  of 
accurate  rapid  navigation  at  sea  took  on  new  and  awesome  propor- 
ti  ons  S  nee  a  submari  ne's  on-board  i  nerti  al  navi  gati  on  system  coul  d 
not  avoid  drifting  during  long  deployments,  the  submarine  needed 
to  surface  from  ti  me  to  ti  me  to  reestabi  ish  beari  ngs,  say,  by  tracki  ng 
starsfrom  a  deck-mounted  instrument.  Only  with  such  recalibrations 
of  its  on-board  navigational  system  could  a  submari ne  commander 
establish  wherein  the  world  he  was  with  enough  accuracy  to  confi¬ 
dent!  y  program  the  traj  ectory  of  hi  s  mi  ssi  I  es  i  n  the  woeful  event  that 
World  Warm  broke  out.  To  tel  I  amissilewheretogo,  you  have  to  tell 
the  mi  ssi  I  e  where  it  i  s  starti  ng  from. 

With  so  much  strategic  value  concentrated  into  the  new  cl  asses  of 
submari  nes  begi  nni  ng  i n  the  late  1950s,  the  need  for  ever  better  and 
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faster  navigational  technologies  became  paramount.  Since  thiswasa 
ti  me  wh  en  satel  I  i  tes  were  getti  n  g  I  au  n  ch  ed  wi  th  i  n  creasi  n  g  regu  I  ari  ty, 
it  is  no  surprise  that  Navy  researchers  began  to  think  about  satellites 
as  an  answer  to  the  new  navigational  demands  In  1968,  the  Joint 
Chiefsof  Staff  made  the  push  for  new  location-finding  systems  offi¬ 
cial  bystipulatingrequirementsfor  a  system  capabi e  of  precisely  I o- 
cati  ng  mi  I  i  tary  forces  wherever  i  n  the  worl  d  they  mi  ght  be  Satel  I  i  tes 
eventually  would  provide  the  solution. 

The  N  av/sfi  rst  foray  i  nto  usi  ng  navi  gati  on  began  i  n  the  I  ate  1950s 
at  the  AppI  i ed  Physi  cs  Laboratory  of  J ohns  H  opki  ns  U  ni  versity  j ust 
as Sovi  et  rocket  sci  enti sts  and  thei  r  counterparts  i  n  the N  avy  and  Army 
were  putting  the  world's  first  artificial  moonsinto  orbit.  The  project 
was  known  asTransit,  or  more  verbosely  as  the  Navy  Navi  gati  on  Sat¬ 
ellite  System. 

TheTransitsatellitesdid  in  fact  provide  submarines  with  the  ca¬ 
pabi  I  ity  of  determi  ni  ng  thei  r  I  ocati  ons  i  n  about  twenty  mi  nutes  rather 
than  the  hours  it  would  take  by  more  conventional  means  such  as 
star-tracki  ng  or  radi  ol  ocati  on  techni  ques  relyi  ng  on  several  transmit¬ 
ters  A  submarine  made  a  positional  fix  by  surfacing  and  receiving  a 
sequence  of  preci  sel  y  ti  med  transmi  ssi  onsfrom  a  Transi  t  satel  I  i  te  pass¬ 
ing  overhead.  This  procedure  enabled  navi  gators  to  accuratelycalcu- 
I  ate  the  satel  I  ite's  I  ocati  on,  thereby  transform!  ng  the  satel  I  ite  i  nto  the 
equi  val  ent  of  a  fi  xed  star  by  whi  ch  navi  gators  have  pi  otted  thei  r  I  oca¬ 
ti  ons  for  centuries  With  appropriate  corrections  for  the  motion  of 
theNavyvessel  duringtheseriesof  recepti onsfrom thesatellites,  navi¬ 
gators  on  the  vessel  could  get  a  fix  on  their  own  position  faster  than 
ever  before  TheTransit  system  became  operational  in  1963. 

TheTimation  (derived  from  the  words  time  and  navigation)  pro¬ 
gram,  the  next  generation  of  navigation  satellites,  began  thefollow- 
ing  year  at  NRL.  The  technical  backbone  of  the  Timation  satellites 
wasultraprecisespaceborneclocks,  which  could  govern  theemission 
of  ranging  si  gnalsthat  receivers  on  theground  could  time  with  clocks 
synchronized  with  the  satel  I  ite's  clocks  Ranging  si  gnaisfrom  several 
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satd  I  itesthen  coul  d  be  pi  eked  up  by  a  navi  gati  onal  receiver  i  n  whi  ch 
the  necessary  calculations  and  corrections  could  bemadeto  pinpoint 
the  receivers' location  on  Earth.  NRL  scientists  quickly  began  to  adapt 
a  quartz-based  osci  1 1  ator  (the  heart  of  the  cl  ock)  for  servi  ce  i  n  space 
as  well  asdeternniningthennost  efficient  constellation  of  satellites  for 
provi  di  ng  worl  dwi  de  coverage 

Accordingto  Easton,  oneoftheearlyexperimentstotestthetech- 
ni  que  of  deternni  ni  ng  I  ocati  ons  pass!  vely  took  pi  ace  i  n  October  1964 
along  the  brand  new  route  295  that  runs  along  the  bottom  of  the 
District  of  Columbia  and  links  into  the  Capitol  Beltway  at  the  East 
end  of  the  Wilson  Bridge  'That  was  where  we  ran  a  car  down  295 
with  apseudoTimationtransmitterin  it,  and  we  received  signals  back 
in  Building  58,"  Easton  later  recalled.®^ 

Almost  three  years  later,  on  May  31, 1967,  thefirstTimation  satel- 
I  ite  went  i  nto  orbit.  It  demonstrated  that  a  surface  vessel  could  deter¬ 
mine  its  positi  on  with i  n  two-tenths  of  a  nauti  cal  mi  I  e  usi  ng  theti  me- 
^nchronizedsignalsfromasatellite  Easton  could  not  have  predicted 
whatfuturethefirstTimation  satellite  would  harbor.  Indeed,  itwould 
evolve  into  the  powerful  and  much  applauded  navigational  tool  now 
known  astheGlobal  Positioning  System  (GPS). 

Timation  I  entered  a  polar  orbit  at  an  altitude  of  500  miles 
Throughout  the  rest  of  the  year  and  i  nto  the  next,  thesatel  I  ite  under¬ 
went  various  tests,  including  navigational  experiments  using  boats, 
ai  rcraft,  and  trucks  Ti  mati  on  1 1  went  up  i  n  September  1969  with  what 
was  hoped  to  bean  improved  quartz  oscillator.  It  actually  performed 
less  well  than  the  cl  ock  on  Timation  I  becauseitwasmoresensitiveto 
radiation  effects  in  orbit. 

Timation  III,  which  at  launch  was  renamed  as  Navigation  Tech¬ 
nology  Satellite  One  went  up  in  1974.  It  was  a  testbed  for  the  first 
spacebased  atomi  c  cl  ocks  These  were  suppi  i  ed  by  a  M  uni  ch-based 
company,  Efratom,  and  then  modified  for  rocket  flight  and  orbital 
servi  ce  Thesatel  I  ite  also  i  ncl  uded  an  experi  mental  transmitter,  known 
as  the  621B  project,  bui  It  by  the  Ai  r  Force  as  part  of  a  mi  I  itary-wi  de 
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coordination  of  navigation  projects  NRL'sTimation  Project  and  the 
Air  Force's  Project  621B  became  the  germs  for  the  NAVSTAR  Global 
Positioning  System,  which  isknown  in  short  asGPS. 

First  conceived  of  behind  closed  doors  at  the  Pentagon  in  1973, 
the  24-satellite  Global  Positioning  System  was  completed  in  1993. 
Interestingly,  one  of  its  technical  roots  goes  at  I  east  as  far  back  to  the 
mid-1940s  when  researchers  including  Alan  Berman's  Nobel-Prize- 
winning  graduate  advisor  at  Columbia  University,  I  si  dor  Isaac  Rabi, 
fl  oated  the  i  dea  that  an  atom's supremel y  hi  gh-frequency  osci  1 1  ati  ons 
could  serve  as  the  basis  for  ultra-accurate  clocks  Good  clocks  have 
been  at  the  heart  of  good  navi  gati  on  for  centuri  es 

TheAir  Force  was  chosen  to  ad  minister  the  entire  project.  Oneof 
N  RL's  pri  mary  responsi  bi  I  i  ti  es  was  to  move  the  devel  opment  of  space- 
qual  ifi  ed  atomi  c  cl  ocks forward.  This  i  nvol  ved  N  RL  researchers  as  wel  I 
as  those  at  a  number  of  companies  working  on  a  contractual  basis 
Aboard  Ti  mati  on  1 1 ,  for  exampi  e,  werethefi  rst  prototypes  of  cesi  um- 
based  atomicclocks  which,  in  principle;  could  provide  satellites  with 
clocks  of  unprecedented  accuracy  and  stabi  I  ity 

Roger  Easton  was  N  RL's  pri  mary  contri  butor  and  vi  si  onary  asso- 
dated  with  the  GPS.  FI  e  not  only  hel  ped  conceive  of  the  overal  I  sys 
tern  of  satel  I  i  tes,  but  oversaw  the  desi  gn ,  testi  ng,  and  val  i  dati  on  of  the 
ru bi  d  i  u m  an d  cesi  u m-based  ato mi  c  cl  ocks  wi  th out  wh  i  ch  th e  fern's 
accuracy  and  al  most  mi  racul  ous  I  ocati  on-fi  ndi  ng  abi  I  i  ti  es  woul  d  have 
been  impossible 

With  the  major  deci si  onsabout thesystem  madebythemid-1970s 
the  last  thing  to  do  was  to  get  the  system  up  and  running.  Satellites, 
atomicclocks  rockets,  and  athousand  and  onedetailsall  had  to  be 
worked  out,  integrated  and  put  in  their  respective  pi  aces  Thesystem 
designed  included  24,  car-sized  Navstar satellites,  each  wei^ingnearly 
a  ton,  and  to  be  built  by  Rockwell  International.  Engineers  worked 
out  an  orbital  geometry  such  that  anybody  with  a  GPS  receiver  any¬ 
where  on  the  planet  would  be  in  contact  at  any  time  with  atleastfour 
satellites  The  multi  pie  I  inks  are  crucial  for  the  speed  and  accuracy  of 
the  navigational  calculations 
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The  first  operational  Navstar  satellite  went  up  in  1978;  by  1993, 
thefull  complennent  of  24  satellites  was  in  place  The  Global  Posi¬ 
tioning  Systenn  has  become  a  major  navigational  technology  crucial 
for  military  operations,  but  now  also  used  in  the  commercial  and 
private  arenas  for  things  as  varied  as  fishing  and  wilderness  hiking. 

The  CNN -reported  Gulf  War  provided  the  most  striking  publicly 
revealed  military  application  of  GPS  to  date  Who  can  forget  General 
Schwarzkopfs  almost  gleeful  press  briefings  on  the  pinpoint  accu¬ 
racy  someti  mes  achieved  by  Ameri  ca's  newest  smart  weapons?  At  the 
very  begi  nni  ng  of  the  offensive,  the  GPS  guided  cruise  mi ssi  I es from 
Navy  ships  hundreds  of  miles  in  the  Persian  Gulf  directly  into  Iraqi 
defense  radar  antennae  And  thegreat  sweep  of  armored  forces  across 
thetracki  ess  desert  was  possi  ble  only  because  of  GPS  i  nstruments  on 
tanks,  artillery,  and  logistics  vehicles 

From  there  the  GPS  has  been  present  in  the  military  in  many 
ways  everyday  Perhaps  the  most  dramati  c  use  of  GPS  took  pi  ace  on 
June  6,  1995.  At  2:08  in  the  morning,  downed  American  F-16  pilot 
Captain  Scott  F.  O'Grady  finally  risked  radio  communication  as  his 
comrades  fl ew  over  the  Serb-control I ed  territory  he  had  been  hiding 
out  in  ever  si  nee  hi  sown  plane  had  been  shot  down  four  days  earlier. 
Using  a  GPS  receiver  hidden  inside  his  life  vest,  O'Grady  was  able  to 
determine  hi  sown  longitude  latitude  and  altitude(although  hewas 
on  the  ground)  to  within  a  few  hundred  feet.  With  that  intelligence  a 
Tactical  Recovery  of  Aircraft  Personnel  (TRAP)  team  of  the  24‘^  Ma¬ 
ri  ne  Expeditionary  Unit  was  ableto  extract  O'Grady  from  behind  en¬ 
emy  lines  a  mere  four  hours  after  F-16  flyers  first  picked  up  their 
comrade's  di  stress  cal  I 

WhileGPS's  most  sophisticated  abilities  remain  within  the  mili¬ 
tary  domai  n,  its  pubi  i  cl  y  aval  I  abl  efeatures  have  been  put  to  use  i  n  al  I 
ki  nds  of  ways.  Truck!  ng  compani  es  track  thei  r  fl  eets  and  pi  an  routes 
using  GPS,  as  do  sea-based  shipping  companies  Now  anyone  who 
wants  to  buy  one  can  carry  an  inexpensive  GPS  receiver.  Civilian  pi¬ 
lots,  airline  pi  lots,  cartographers,  construction  engineers,  road  build¬ 
ers  telecommunications  companies  and  even  high-end  automobile 
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sd  lershaveput  GPSto  use  Al  I  of  that  i  n  only  three  years  si  ncetheful  I 
system  has  been  up  and  running. 

In  1992,  the  National  Aeronautics  Association  (NAA)  recognized 
the  pri  nd  pal  s  of  the  GPS  devel  opment  team— N  RL,  the  U  .S.  Ai  r  Force 
Aerospace  Corporation,  Rockwell  International  Corporation,  and  IBM 
Federal  Systems  Company— by  awarding  them  its  1992  Robert  J. 
Col  I  ierTrophy  This  award  ispresented  annually,  in  NAA'swords,  "for 
the  greatest  achievement  in  aeronautics  in  America,  with  respect  to 
improving  the  performance  efficiency,  or  safety  of  air  or  space  ve¬ 
hicles,  the  value  of  which  has  been  thoroughly  demonstrated  by  ac¬ 
tual  useduringtheprecedi  ngyear."®^TheNAA  cited  theGPSteam  for 
"the  most  significant  development  for  safe  and  efficient  navigation 
and  survei  1 1  ance  of  ai  r  and  spacecraft  si  nee  the  i  ntroducti  on  of  radi  o 
navigation  50  years  ago."  NRL'scopyof  the  Col  I  ierTrophy  has  been 
strategi  cal  ly  located  for  maxi  mum  visi  bi  I  ity  i  n  the  lobby  of  Bui  I  di  ng 
43. 

Clementine  and  the  Global  Positioning  System  happen  to  be  tri¬ 
umphs  with  unclassified  components  that  can  be  included  in  this 
book.  Flowever,  mostofNRL's  satellite  science  and  engineering  story 
cannot  yet  betol  d  pubi  i  cl  y  because  much  of  that  story  i  nvol  ves  cl  assi- 
fied  projects  What  can  be  said  is  that  NRL  so  far  has  built  over  80 
communications,  navigation,  and  others  kinds  of  satellites  for  the 
N  avy  and  other  customers  i  n  the  Defense  and  I  ntel  I  i  gence  communi- 
ti  es  As  such,  N  RL  has  pi  ayed  a  major  rol  e  i  n  the  emergence  of  space 
technol  ogy  over  the  past  40  years  The  motto  of  the  N  aval  Center  for 
Space  Tech  n  o  I  o  gy,  th  e  present  i  n  earn  ati  o  n  of  N  RL's  satel  I  i  te  en  gi  n  eer- 
ing  crew,  remains  as  gung-ho  as  ever:  "To  Fly  What  FI  as  Never  Been 
Flown  Before"®® 


Chapter  9 


N  RL,  N  uclear  Fallout, 
and  the  Cold  War 


Just  as  NRL  found  itself  after  Wo  rid  War  1 1  in  the  spectacular  birth 
pangs  of  the  Space  Age  it  also  found  itself  with  the  kind  of  expertise 
badly  needed  asthenascent  N  uclear  Age  col  I  i  ded  with  omi  nous  post¬ 
war  geopolitical  developments  Even  before  the  dust  of  Wo  rid  War  1 1 
had  settled  so  that  the  world  could  grasp  the  tragedy,  the  global  po¬ 
litical  environment  began  to  cool  down  to  what  became  known  as 
the  Cold  War.  Not  only  would  NRL  feel  the  breezes  of  the  nascent 
Cold  War,  but  it  also  would  become  a  central  player  in  the  emerging 
hi  gh-technol  ogy  era,  and  the  ulti  mate  stakes  that  came  to  character¬ 
ize  the  Cold  War. 

Indeed,  the  Cold  War  was  beginning  even  as  the  Army  snatched 
up  the  bul  k  of  Germany's  V-2  program  at  the  secret  Bal  ti  c  coast  si  te  of 
Peenemundein  1945.  When  theArmyleftwith  the  rocket  parts  and  a 
cadre  of  German  rocket  scientists  including  Werhnervon  Braun,  So- 
vi  et  occupati  onal  forces  were  i  n  the  process  of  taki  ng  over  the  regi  on 
by  international  agreement.  After  the  Soviet  Union  recovered  land  it 
had  lost  to  Germany,  Poland,  Finland,  andjapan,  it  went  further,  forc¬ 
ing  Czechoslovakia,  Romania,  and  Hungary  to  hand  over  territory 
that  never  had  been  part  of  the  Soviet  Union.  Moreover,  wherever  its 
forces  were  in  occupation,  repressive  Communist  governments  and 
cl  osed  sod  eti  es  were  put  i  nto  pl  ace 

"From  Stettin  in  the  Baltic  to  Trieste  in  the  Adriatic,  an  iron  cur¬ 
tain  has  descended  across  the  continent,"  is  how  Winston  Churchill 
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would  famously  assess  the  situation  in  a  speech  at  Fulton,  Missouri 
in  1946.1 

TheTesting  Be^ns 

N  oth i  ng  coul  d  be  more  embi  emati  c  of  N  RL's  i  mmedi  ate  I  i  nkage 
to  thisworrisome  new  world  order  than  itsrolein  theUnited  States' 
nuclear  weapons  testing  program  that  began  with  Operation  Cross¬ 
roads  at  the  Bikini  Atoll  injulyl946.  Following  the  detonation  of  a 
test  bomb  by  the  Manhattan  Project  and  the  bombs  dropped  on 
Fliroshima  and  Nagasaki,  the  bombs  detonated  during  Operation 
Crossroads  were  the  world's  fourth  and  fifth  nuclear  detonations— 
one  above  Bi  ki  ni  and  the  other  i  n  shal  I  ow  water. 

The  pri  mary  goal  of  the  detonati  ons  was  to  see  what  happens  to 
military  equipment,  including  naval  ships  at  sea,  when  confronted 
by  a  nuclear  blast  and  its  aftermath.  Nuclear  weapons  were  a  curious 
technology;  although  their  blasts  were  entirely  man-made  phenom¬ 
ena,  they  were  poorly  understood  from  a  scientific  viewpoint.  In  a 
sense  nuclear  detonations  provided  physicists  with  awesome  novel 
objects  in  the  universe  replete  with  all  manners  of  interesting  ther¬ 
mal  ,  opti  cal ,  el  ectromagneti  c,  mechani  cal ,  and  other  effects  From  the 
perspecti  ve  of  N  RL's  academi  cal  I  y  mi  nded  sci  enti  sts  worki  ng  under  a 


As  part  of  Operation 
Crossroads,  this  under¬ 
water  detonation  of 
a  nuciear  device  on 
Juiy25, 1946  at  Bikini 
Atoii  sent  a  tower  of 
water  and  debris 
skyward. 


chapter  9  -  nrl,  nuclear  fallout,  and  the  cold  war  *217 


mi  I  itary  research  I  aborator/s  roof,  nuci  ear  bl  asts  wereal  most  I  i  ke  hav¬ 
ing  suns  to  study  on  Earth.  Nuclear  blasts  were  scientificallyenticing. 

The  Manhattan  Project  yielded  not  only  bombs;  it  also  yielded 
th  0  usan  ds  of  sci  en  ti  sts  an  d  en  g  n  eers  wel  I  -  versed  i  n  th  e  ways  of  n  u  cl  ear 
reactions  and  their  emanations  So  much  of  the  expertise  that  was 
req  u  i  red  to  sci  en  ti  f  i  cal  I  y  0  bserve  and  measu  re  th  e  beh  avi  o  r  of  n  u  cl  ear 
bl  asts  came  from  th  i  s  warti  me  common  i  ty.  Al  th  ough  N  RL  was  I  argel  y 
excluded  from  the  Manhattan  Project,  at  least  partly  due  to  Admiral 
Bowen's  antagonistic  relationships  with  Vannevar  Bush  and  his  Of¬ 
fice  of  Scientific  Research  and  Development,  the  Laboratory's  vision¬ 
aries,  I  ike  Bowen  and  Ross  Gunn,  madesurethey  and  their  col  leagues 
kept  their  toes  in  the  nuclear  waters  Indeed,  Gunn  and  Phil  Abelson 
drew  up  a  set  of  engineering  plans  for  a  nuclear  submarine  in  1946^, 
years  before  the  quest  for  n  ucl  ear  propul  si  on  became  Ri  ckover's  own . 
With  Operation  Crossroads,  the  Laboratory  went  in  deeper,  taking 
the  equivalent  of  a  full-body  dive  into  those  nuclear  waters  This  is 
evident  from  NRL's  supplying  75  of  the  450  personnel  involved  in 
the  electronics-related  measurements  at  Bikini.^ 

E.O.  Hul  hurt  and  John  Sanderson  of  theOpticsDivision  and  Ernst 
Krause  of  the  Rocket  Sonde  Research  Section  had  organized  and  led 
theoverall  NRLweaponstesting  program.  This  was  an  exciting  time 
fi  1 1  ed  wi  th  career-changi  ng  deci  si  onsfor  many  N  RL  researchers  About 
ten  percent  of  the  Laboratory's  technical  forces  would  become  en- 
tangl  ed  i  n  the  12-year  sti  nt  of  aboveground  nucI  ear  weaponstesti  ng. 
The  pri  mary  goal  of  0  perati  on  Crossroads  for  the  N  RL  team  was  to 
measure  the  total  optical  energy  emitted  by  the  blasts  as  well  as  to 
photograph  the  spectra'^  so  as  to  gather  diagnostic  data  about  the 
nuci  ear  phenomena  occurri  ng  duri  ng  the  bl  asts 

After  Crossroads  came  nuci  ear  testi  ng  projects  with  equal  ly  cryp¬ 
tic  names:  Sandstone  then  Greenhouse  Buster-J an ^e  Tumbler-Snap¬ 
per,  Ivy,  Upshot-Knothole  Castle  Teapot,  Redwing,  Plumbob,  and 
finally,  in  1958,  Hardtack.  Thatwasjust  months  aftertheSovietUnion 
put  Sputni  k  i  nto  orbit,  thereby  fanni  ng  fears  about  a  new  abi  I  ity  to 
deliver  nuci  ear  warheads  from  intercontinental  ballistic  missiles 
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During  Operation  Ivy,  researchers  went  to  great  extremes  to  make 
measurements  of  the  bomb's  radiation  outputs.  Shown  is  a  plywood 
tunnel  harboring  evacuated  tubing  that  conducted  signals  from  the 
bomb  to  measuring  instruments  located  two  miles  away. 

HundredsofNRL  scientists  at  all  levels  participated  in  these  many 
tests,  at  which  they  made  various  and  ever  more  sophisticated  mea¬ 
surements  Louis  Franklin  Drummeter,  Jr.,  a  new  NRL  hire  in  1948, 
would  be  among  the  most  thickly  involved.  Drummeter,  then  27  and 
a  former  pi  umber  with  a  PhD  i  n  opti  cs,  had  heard  about  N  RL  from  a 
Johns  Hopkins  University  classmate;  Harold  S.  Stewart,  who  was  on 
study  leave  from  NRL  where  he  was  head  of  theRadiometry  Branch. 
That  connection  led  to  an  offer  for  a  $20  per  day  job  by  John 
Sanderson,  then  acting  associate  superintendent  of  the  Optics  Divi¬ 
sion.  Viewing  the  job  initially  as  a  stop  gap  before  landing  a  univer¬ 
sity  position,  Drummetertookthejob  and  then  spent  his  entire  pro¬ 
fessional  life  at  NRL,  eventually  becoming  the  Associate  Superinten¬ 
dent  of  the  Opti  cal  Sciences  Division  before  retiring  in  1982  as  the 
Acting  Associate  Superintendent  of  Research  for  Electronic  Science 
and  Technology.^  Even  now,  16  years  after  retiring  from  NRL, 
Drummeter  remai  ns  connected  to  the  Laboratory  as  a  consultant. 

After  firstapplyinghisknow-how  in  infrared  detection  to  the  prob¬ 
lem  of  detecting  exhaust  trail  sofa  submarine's  snorkel,  Drummeter 
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became  the  assistant  head  of  the  Radiometry  Branch  in  1949  where 
he  would  begin  a  long-term  and  intimate  relationship  with  nuclear 
blasts  Beginning  in  1951  with  Operation  Greenhouse  hewould  wit¬ 
ness  20  nuclear  blasts  through  1955.  Along  the  way,  he  and  NRL  col¬ 
leagues  had  to  develop  techniques  and  equipment  for  making  de¬ 
tailed  and  often  exquisitely  rapid  measurements  of  all  kindsof  radia- 
ti  on.  Drummeter  poi  nts  out  that  Stewart  was  the  key  architect  of  the 
optical  measurements,  which  included  designing  specialized  instru¬ 
ments 

These  measurements  often  were  unprecedented  in  the  need  to 
snatch  radi  ometri  c  and  opti  cal  measurements  i  n  the  mi  1 1  i  onths  of  a 
second  between  the  detonation  of  a  bomb  and  the  consumption  of 
the  measuring  instrument  in  the  bomb's  obliterating  wake  To  carry 
out  some  of  these  measurements,  NRL's  shop  workers  constructed 
evacuated  tubing  that  could  conduct  signals  from  the  bomb  to  mea¬ 
suring  instruments  far  enough  away  that  they  could  survive  theblast. 
"At  the  time  the  design  and  construction  of  such  vacuum  systems 
wasalargeand  major  engineering  undertaking  in  itself,"  Drummeter 
recalls®  Some  of  these  optical  measurements  were  fundamental  to 
the  design  of  the  first  generation  of  thermonuclear  weapons  (hydro¬ 
gen  bombs),  according  to  Jack  Brown,  a  retired  NRL  research  man¬ 
ager  who  has  played  many  roles  in  the  development  of  nuclear  weap¬ 
ons'^ 

In  Operation  Buster-Jangle  Drummeter  and  coworkers  measured 
the  spectrum  of  so-called  Teller  Light,  which  the  famed  Manhattan 
Project  nuclear  scientist  and  champion  of  the  hydrogen  bomb  had 
predi  cted  woul  d  exi  st  fol  I  owi  ng  a  nuci  ear  detonati  on .  Tel  I  er  Li  ght,  an 
emission  of  X-rays  from  atmospheric  molecules  stimulated  by  the 
energy  from  the  bomb  blast,  had  been  measured  previously.  But  the 
NRL  work  revealed  the  spectrum— or  distribution  of  wavelengths— 
of  th  eTel  I  er  Li  ght.  Th  e  h  i  gh-speed  measu  rement  tech  niqueneededto 
take  a  snapshot  of  the  short-lived  Teller  Light  was  crucial  for  deter¬ 
mining  both  the  size  of  the  blast  and  the  efficiency  of  the  nuclear 
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reacti  ons  that  occurred  i  n  the  devi ce's  core  The  opti cs  team  al so  was 
abl  e  to  i  denti  fy  the  mol  ecu  I  es  responsi  bl  e  for  I  i  ght  emi  ssi  on . 

There  were  plenty  of  moments  of  high  drama  during  this  era  of 
above-ground  nuclear  testing.  Drummeter,  one  of  the  many  NRL  sci¬ 
entists  who  participated  in  the  above-ground  bomb  testing  program 
in  thel940sand  1950s,  recalls  moments  of  mortal  fear.  On  oneocca- 
sion,  he  was  so  close  to  ground  zero  that  he  had  to  crane  his  neck  as 
far  back  as  possible  to  watch  the  evolving  mushroom  cloud.  And 
Drummeter  recalls  one  blast  that  he  didn't  think  he  would  return 
from.  "Something  went  wrong,"  he  recalls  "We  were  25  miles  away, 
but  it  kept  getti  ng  bi  gger  and  bi  gger  and  bi  gger."  And  then,  of  course 
itstopped  well  beforeconsuminghim.  Helearned  later  that  the  blast 
was  about  twi  ce  as  bi g  as  it  was  expected  to  have  been 

By  the  end  of  his  tenure  as  head  of  the  Radiometry  Branch, 
Drummeter  and  his  colleagues  had  produced  scores  of  classified  re¬ 
ports.  'The  work  laid  thefoundation  for  all  that  is  known  about  the 
emission  of  thermal  radiation  from  nuclear  explosions  in  air," 
Drummeter  says  'These  data  underlie  all  the  effects  data  in  hand¬ 
books  and  the  prediction  of  thermal  radiation  from  weapons  of  all 
sizes"®  As  such,  N  RL's  researchers  contri  buted  mightily  to  the  devel¬ 
opment  of  at  I  east  some  of  the  data  on  whi  ch  was  based  the  U  nited 
States'  nuci  ear  warfare  strategy. 

Losing  the  Nuclear  Monopoly 

The  fi  rst  years  of  nucI  ear  weapons  testi  ng  were  performed  when 
the  United  States  retained  a  monopoly  on  such  weaponry.  Yet  every¬ 
one  knew  that  the  physics  and  engineering  behind  nuclear  weapons 
were  open  books  albeit  ones  with  plots  so  complex  that  only  the 
most  ambitious  and  clever  readers  would  penetrate  their  meaning. 
But  sufficient  ambition  and  cleverness  were  out  there;  especially  in 
the  expansive  Soviet  Union.  So  it  was  just  a  matter  of  time  before 
other  countries  would  break  the  American  monopoly.  When  the 
United  States  began  its  program  of  above-ground  testing  of  nuclear 
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weapons  i  n  the  Pacifi  c,  there  was  no  way  to  know  whether  somebody 
else  was  blowing  up  their  own  test  weapons  somewhere  halfway 
around  the  world. 

In  1947,  this  hole  in  intelligence  capability  led  Admiral  Lewis 
Strauss,  a  member  of  the  newly  formed  civilian-based  Atomic  Energy 
Commission,tostartaprocessthatbydecade'send  would  lead  Presi- 
dentTruman  two  yearslaterto  makethestartlingannouncementthat 
theUnited  States  already  had  lost  its  monopoly  on  nuclear  weapons 

The  process  began  when  Strauss  was  surprised  to  learn  from  Sec¬ 
retary  of  Defense  James  E.  Forrestal  that  the  United  States  had  no 
means  for  long-range  detection  of  a  Soviet  detonation  of  an  atomic 
bomb.  Strauss  then  pressed  the  Office  of  Naval  Research,  which  in 
turn  looked  to  NRL  to  supply  the  detection  means  that  Strauss  so 
sensibly  wanted.^ 

After  ruling  out  sound  or  seismic  si  gnalsasthebasisfor  detect!  on 
technol  ogi  es  (at  I  east  i  n  the  earl  y  years  of  the  nuci  ear  arms  race) ,  ra- 

diation  effects  became  the 
Laboratory's  focus  H  erbert 
Friedman,  an  expert  in  ra¬ 
diation  detectors  in  the 
Physical  Optics  Division, 
joined  the  project.  Among 
th  e  oth  er  key  sci  enti  sts  were 
M  ontgomeryj  ohnson  i  n  the 
newly  inaugurated  Nucle¬ 
onics  Division  and  Ernst 
Krause  of  the  one-year  old 
Rocket- Sonde  Research 
Branch. 

Since  the  call  for  long- 
range  detection  came  about 
a  year  before  the  Project 
Dr.  Herbert  Friedman  In  1966  Sandstone  nuci  ear  bl  asts. 
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N  RL  sci  enti  sts  began  worki  ng  on  several  fronts  so  they  woul  d  be  ready 
to  put  those  blasts  to  use  for  the  goal  of  developing  long-range  detec¬ 
tion  techniques  One  of  those  fronts  centered  on  special  filter  paper 
from  N  RL's  chemi  cal  warfare  protect!  on  work.  The  paper  was  adapted 
to  col  I  ect  ai  rborne  parti  cl  es  over  a  peri  od  of  days,  after  wh  i  ch  the  pa¬ 
per  woul  d  be  pi  aced  under  a  radi  ati  on  counter.  I  f  the  detector  pi  eked 
up  radi  ati  on,  the  I  i  kel  y  cause  woul  d  bea  nuci  ear  bl  ast  upwi  nd.  J  ohnson 
favored  another  possi  bl e  techni que  for  I ong-range  detect! on:  I ofti ng 
Gd  ger  counters  wi  th  tdthered  bal  I  oonsto  a  ha  ght  of  20,000  feet  where 
they  would  be  able  to  pick  up  gamma  rays  from  the  fission  products 
of  a  distant  nuci  ear  bl  ast. 

Friedman  and  his  colleagues  in  the  Optics  and  Chemistry  Di vi¬ 
sions  wentforthemost  sensitive  technique— an  array  of  seven  gamma 
ray  detectors  (Gager  tubes)  so  arranged  to  greatly  reduce  natural 
gamma  ray  signals  from  natural,  cosmic  sources  Each  detector  was  a 
metal  cylinder  2-feet  long  by  2-inches  in  diameter,  filled  with  chlo¬ 
rine-neon  gas  and  sealed  with  glass  caps  NRL  produced  all  of  the 
dectronics  for  powering  the  detectors  and  making  sense  of  the  sig- 
nalsgenerated  within  them.  Onehundred  of  these  detectors  were  se¬ 
cretly  shipped  from  NRL  to  universities.  Naval  stations,  and  other 
government  stations  a!  I  over  North  America  from  the  Aleutian  Islands 
i  n  AI  aska  to  Panama  as  wd  I  as  eastward  out  to  Bermuda. 

"Several  wd  I -known  physicists  maintained  security  by  operating 
the  instruments  from  thdr  own  homes,"  wrote  Friedman,  Irving  FI. 
Blifford,  and  Luther  Lockhart  of  NRL'sChemistry  Division,  who  also 
became  involved  in  the  long-range  detection  project.  "For  example 
FI.  Victor  Neher  of  Caltech  wrestled  a  400-pound  unit  into  hisattic 
and  the  editor  of  the P/iyaca/  Review,  John  Tate  had  one  in  his  back 
yard."^ 

The  fi rst  test  of  all  of  this  equi pment  came  after  the  Sandstone 
tests  Wrote  Friedman,  Blifford,  and  Lockhart: "...  filter  paper  col  lec¬ 
tors  on  the  NRL  dock  on  the  Potomac  River  in  Washington,  DC,  ob¬ 
tained  positive  responses  at  roughly  the  same  time  as  the  balloon- 
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bomeGeigercou  nters  at  N  RL's  C  h  esapeake  Bay  An  n  ex  an  d  th  e  gam  ma- 
ray  detectors  on  the  roof  of  N  RL's  optics  bui  I  ding  responded. 

An  unexpected  clue  to  a  more  sensitive  test  literally  rained  on 
Friedman's  and  Blifford's  gamma  ray  detectors  in  early  1948.  After 
observing  a  rise  in  the  ambient  gamma-ray  activity  when  it  rained, 
thescientistsputa2-inch  deep  collection  tray  above  the  counters  As 
the  tray  filled,  the  natural  radioactivity  rose  sharply.  The  rain  was 
washi  ngtheradioacti  vity  out  of  thesky  and  bri  ngi  ng  it  down  i  nto  the 
tray. 

The  quest!  on  then  became  whether  there  was  some  way  of  con- 
centrating  the  rain-carried  rad  inactive  fall  out  so  that  Friedman  and 
his  detector  experts  could  not  onlysense  radioactivity  when  itisthere 
but  also  determinethechemical  identitiesand  half-lives  of  theradio- 
acti  ve  materi  al .  This  way,  the  data  woul  d  provi  de  a  si  gnature  by  whi  ch 
thefal  lout  could  be  associated  with  tests  by  specific  countries  Fried¬ 
man  put  the  quest!  on  to  Peter  Ki  ng,  super!  ntendent  of  the  Chemi  stry 
Division. 

Ki  n  g  put  Luth er  Lockh  art  onto  th e  pro bl  em  an d  h e  q  u i  ckl  y  fo u n d 
the  necessary  technology  at  the  Dal  ecarl  I  a  Reservoir  in  Washington, 
DC.  Called  flocculation,  the  well -known  technique  cal  led  for  the  ad¬ 
dition  of  small  amounts  of  chemi  cals  such  as  aluminum  sulfate  into 
water.  The  additives  then  bind  suspended  silt  and  organic  matter  to 
an  extent  that  the  resulting  complexes  settle  out  of  solution  and  can 
be  collected  for  chemi  cal  analysis  Kingcalculatedthatthetechnique 
when  adapted  for  col  I  ecti  ng  radi  oacti  ve  parti  cl  esfrom  rai  nwater,  coul  d 
concentrate  radioactivity  in  samples  by  factors  of  10,000,000  or  so, 
making  thetechniquesensitive to  even  small  amounts  of  fallout. 

To  test  the  new  possibility,  Lockhart  set  off  for  the  Virgin  Islands 
shortly  after  the  Sandstone  tests  with  the  quest  to  find  fallout-laden 
rainwater  in  theisland'sconcrdtewater-collecti  on  cisterns  Ofthe2,500 
gallons  of  suitably  old  rainwater  that  he  found  and  treated  with  a 
fl  occul  at!  on  agent,  he  came  back  to  N  RL  with  5  gal  I  ons  of  setti  ed  fl  oc 
fo  r  ch  emi  cal  an  al  ysi  s  Th  e  f  I  oc  co  ntai  n  ed  yttri  u  m-91 ,  ceri  u  m- 141 ,  an  d 
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cerium- 144  in  ratios  that  matched  what  would  be  expected  to  have 
come  from  the  Sandstone  bombs 

Emboldened,  Peter  King  sent  a  young  chemist  in  hisdivision,Jack 
Kane  on  a  water  collection  adventure  that  took  him  to  Shemya,  the 
last  island  on  the  Aleutian  archipelago,  and  from  thereto  Kodiak, 
Al  aska.  These  pi  aces  were  as  cl  ose  to  Sovi  et  terri  tory  as  you  coul  d  be 
and  still  be  in  the  United  States  The  negative  results  of  thesejuly 
1948  col  I  ecti  ons  i  ndi  cated  that  the  Sovi  ets  had  not  yet  expl  oded  any 
nuclear  devices,  at  least  not  aboveground. 

Additional  col  I  ecti  ons  by  Kane  in  theTruk  islands  of  Micronesia 
(now  known  as  the  Chuuk  Islands)  and  the  hi  I  Is  of  Moen  as  well  as  a 
collection  from  the  Chemistry  Building's  roof  (which  King  had  had 
the  division's  janitorial  crew  scrub  with  brushes  to  prepare  for  the 
tests)  helped  thelong-rangedetection  group  settle  onto  a  protocol  by 
Apr!  I  of  1949.  Thousand-square  foot  sections  of  new  corrugated  al  u- 
mi  num  roofi  ng  woul  d  serve  as  rai  nwater  col  I  ectors  At  thefi  rst  si  gn  of 
possi  bl  efal  I  out  from  fi  Iter-paper  or  gamma-ray  detectors,  the  rai  nwa¬ 
ter  woul  d  be  col  I  ected,  fl  occul  ated,  and  the  result!  ngfl  oc  analyzed.  At 
this  point,  the  top  secret  bomb  detection  project  became  known  as 
Project  Rain  barrel. 

Its  projected  budget  of  $80,000  was  a  mere  ghost  of  the  $32  mi  I- 
lion  budget  for  an  Ai  r  Force  proposal  in  which  early  detect!  on  would 
come  from  a  squadron  of  B-50'sflyingfilter-paper  scoops  for  collect¬ 
ing  airborne  radioactive  particulates.  Cheap  maybe  but  Project 
Rainbarrel  was  criticized  for  its  reliance  on  rain  falling  over  a  col  I  ec¬ 
ti  on  stati  on .  A  pi  ane  can  take  off  at  a  moment's  not!  ce,  but  rai  n  comes 
when  God  says  so. 

The  critics  were  silenced  sooner  than  anyone  originally  thought 
would  be  possible  On  September  10, 1949,  airmonitorsatNRL  picked 
up  positive  readings  Three  dayslateritrained  and  samples  were  col¬ 
lected  also  containing  fall  out.  Atthesametime  sensitive  gamma-ray 
detectors  at  Kodiak  picked  up  signals  so  Alaskan  rainwater  was  col- 
I  ected,  fl  occul  ated,  and  ai  r-shi  pped  to  N  RL  for  analysi  s  These sampi  es 
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also  contained  radioactive  fallout.  Corroborative  signals  also  came 
from  filter  paper  scoops  aboard  an  Air  Force  B-50  flying  between  Ja¬ 
pan  and  Alaska.  (There  had  been  an  earlier  cue  from  a  signal  detected 
by  an  i  nfrasoni  c  mi  crobarograph  array  on  the  day  of  the  test  but  the 
chemical  analysisof  the  radioactive  materialsserved  asthedefinitive 
detection  whilealso  revealing  details  of  the  Soviet  bomb  design.) 

On  September  22,  H erbert  Fri edman  and  Peter  Ki  ng  reported  the 
alarming  results  of  their  analysis  in  Top  Secret  Restricted  Data  NRL 
Report  3536.  Entitled,  "Collection  and  Identification  of  Fission  Prod¬ 
ucts  of  Foreign  Origin,"  the  report  deduced  from  the  data  that  the 
fission  producing  the  detected  isotopes  occurred  "probably  not  ear¬ 
lier  than  24  August."^^  The  next  day,  on  September  23, 1949,  Presi- 
dentTruman  announced  that  the  Soviet  Union  had  detonated  its  first 
nuclear  bomb,  which  theUnited  States  military  dubbed  Joe-1. 

A  subsequent  examination  of  the  radio  active  floe  retrieved  from 
the  Kodiak  site  by  Lockhart  and  chemist  colleague  Richard  Baus  re¬ 
vealed  that  Joe-1  contained  the  artificial  element  plutonium.  Confir- 
mati  on  of  thi  s  camefrom  M  auri  ce  Shapi  ro  of  N  RL's  Cosmi  c  Ray  Labo¬ 
ratory,  who  as  was  able  to  capture  in  a  thick  stack  of  photographic 
emul  si  ons  the  emi ssi  ons  of  the  Kodi  ak  fal  I  out  sampi  e  as  measurabi  e 
streaks  characteristic  of  the  decay  of  plutonium  atoms.  Although 
Truman  announced  to  the  world  that  the  Soviets  indeed  had  exploded 
a  nuclear  bomb,  the  evidence  that  Joe-l's  blast  came  from  pi  utonium 
and  not  just  sufficiently  enriched  uranium  remai  ned  top  secret  more 
than  12  years  later. 

Listening  In  On  the  Other  Superpower 

The  1949  detonation  of  Joe-1  was  the  preamble  to  a  U.S.-Soviet 
Cold  War  relationship  that  would  become  dominated  by  a  nuclear 
warfare  deterrence  phi  I  osophy  known  as  MAD,  or  M  utual  I  y  Assured 
Destructi  on.  At  thesameti  methat  Pro]  ect  Rai  nbarrel 's  al  umi  num  bi  ns 
were  collecting  Joe-l's  radioactive  fallout,  NRL's  new  astronomers 
under  the  direction  of  John  Flagen  were  eagerly  anticipating  the  in- 
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stallation  of  what  became  known  asthe  "big  dish"  atop  what  is  now 
Building  43  just  a  few  months  later.  It  was  a  case  of  astronomical 
sci  ence  and  Col  d  War  i  ntel  I  i  gence-gatheri  ng  goi  ng  hand  i  n  hand. 

A  February  13,  1951  article  on  the  front  page  of  the  Washington 
Post  told  its  readers  that  the  Navy  expects  to  usethe  dish-like  radio 
telescope  to  "find  out  much  about  the  mysteries  of  heavenly  bodies 
through  the  energy  they  radiate"  Solarflares,  galactic  radiation,  and 
thesize  shape  and  composition  of  the  Moon  and  Sun  were  among 
the  probabletopics  of  study.  "They  may  also  tune  in  any  intelligence 
directed  signals  from  outer  space— that  is,  'signals'  beamed  to  this 
earth  byany'beings' inhabitingotherworlds,"thearticlesaid.  That 
same  abi  I  i  ty  to  I  i  sten  to  si  gnal  s  comi  ng  from  out  there  meant  the  di  sh 
would  be  able  to  hear  signals  that  started  here  on  Earth,  went 
spaceward,  and  then  somehow  got  reflected  back  earthward,  say,  by 
theMoon.^4 

When  workers  did  complete  NRL's  "big  dish,"  it  was  the  world's 
largest,  steerable  radio  telescope  for  short  radio  wavelengths  It  re- 


NRL's  landmark,  50-ft 
radar  telescope  In  1956 
when  researchers  were 
still  using  It  to  probe 
planets  and  other 
cosmic  objects 
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mains  an  eye-catching  technological  monument  that  to  this  day  sits 
atop  N  RL's  admi  nistrati  ve  bui  I  di  ng.  The  13-^2  ton,  50-ft  di ameter  re- 
flector  is  set  in  an  U-ton  ring  and  cross-girder  system  atop  a  12-ton 
yoke;  all  mounted  on  a  steerable  27-ton,  twin,  5-inch  gun  mount 
stripped  of  its  guns  and  breech  mechanisms  To  increase  the  dish's 
chances  of  pi  cki  ng  up  thefai  nt  radi  o  emi  ssi  onsfrom  stars  whose  I  i  ght 
istoo  distant  to  be  seen  with  optical  tel  escapes  as  well  as  from  other 
radio-emitting  cosmic  phenomena,  its  paraboloid  surface  was  ma¬ 
chined  so  that  actual  deviations  did  not  exceed  about  Vie  inch  from 
the  mathematical  equations  specifying  its  shape  The  closer  a  radio 
telescope's  shape  is  to  perfection,  the  less  noisy  will  be  its  reception 
and  the  better  i t  wi  1 1  be  abl  e  to  take  radi  o  portraiture  of  the  i  nvi  si  bl  e 
universe 

Thefi  rst  pubi  ished  studies  by  the  Radio  Astronomy  Branch  of  the 
Atmosphere  and  Astro  physics  Division  reported  radio  emi  ssi  onsfrom 
enormous  clouds  of  gas  including  the  Orion  Nebula,  as  well  asemis- 
sionsfrommorediscrete sources Thebigdish'sabilityto  listen  in  on 
shorter-wavelengths  uncovered  new  regions  of  ionized  hydrogen  in 
space  that  had  been  invisibleto  longer-wavelength  radio  telescopes 
Wh  en  th e  Bi  g  D  i  sh  po i  nted  at  Ven  us  M  ars,  an  d  J  u pi  ter,  N  RL  research¬ 
ers  were  ableto  makethermal  measurementsof  these  planetary  neigh¬ 
bors  The  big  dish  helped  scientists  discern  variations  in  the  bright¬ 
ness  around  the  solar  and  lunar  disks  and  to  measure  the  i  ncreased 
solar  radiation  during  times  of  high  solar  activity. 

In  1959,  NRL'sC.H.  Mayer  teamed  with  Columbia  University's 
Charles  Townes,  thesoon-to-beinventor  of  the  laser,  and  other  col- 
I  eagues  i  n  a  proj  ect  that  i  mproved  the  Bi  g  D i sh's  radi  o  eyesi  ght  by  a 
factor  of  13 .  Th  e  heart  of  th  e  i  mprovement  was  a  n  ewi  y  avai  I  abl  e  maser, 
whi  ch  coul  d  ampi  ify  theti  ny  mi crowavesi gnals  comi  ng  i  n  from  such 
cosmicradio  sources  as  planets  and  stars  better  than  previous  ampli¬ 
fiers  The  word  "maser"  is  an  acronym  that  stands  for  microwave 
amplification  bythestimulated  emission  of  radiation.  Oneyear  after 
his  work  with  M  ayer,  Townes  woul  d  i  nvent  the  I  aser  ( I  i  ght  ampI  ifi  ca- 
tion  bythestimulated  emission  of  radiation)  with  ONRfunding.^® 
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The  big  dish  atop  Building  43  was  just  the  beginning  of  NRL's 
I  ove  affai  r  wi  th  ever  bi  gger  radi  o  tel  escapes  J  ust  as  M  ayer  and  Townes 
were  finding  out  how  masers  could  push  the  envelope  of  radio  as¬ 
tronomy,  NRL's  next  radio  telescope  would  try  to  do  the  same  thing 
by  increasing  the  size  of  the  dish  itself.  In  1958,  at  Maryland  Point 
on  the  Potomac  River  about  45  miles  downstream  from  NRL,  the 
Laboratory  completed  construction  of  an  84-foot  parabolic  antenna 
capable  of  pointing  anywhere  in  the  sky  and  tracking  any  celestial 
object  from  horizon  to  horizon. 

Bigger  yes,  but  the  Maryland  Point  radio  tel  escopewassmal  I  com¬ 
pared  to  the  great  250-foot  moveabledish  erected  by  British  astrono¬ 
mers  at  thejodrell  Bank  Experimental  Station  of  the  University  of 
M  anchester.^^  N  RL's  new  radi  o  tel escope  hel  d  a  consol ati on  record, 
however.  It  was  the  world's  largest  radio  telescope  mounted 
equatorially,  which  meantitcould  be  steered  with  a  relatively  simple 
cl  ock  mech  an  i  sm.  Wi  th  th  ese  an  d  a  h  ost  of  smal  I  er  rad  i  0  anten  n  ae 
NRL  had  developed  a  versatile  new  telescopic  window  on  space 
complementingtherocket-based  astronomy  and  astrophysics  prog'am 
that  had  been  underway  si  ncethe  Laboratory  attained  access  to  V-2s 
Al I  of  this  antennae-bui I di  ng  al so  was  sti  mul ati  ng  i deas  of  the  Col d 
War  variety. 

1 1  was  N  RL's  communi  cati  ons  sci  enti  sts,  those  i  n  the  I  i  neage  of  A. 
Hoyt  Taylor,  Leo  Young,  and  Louis  Gebhard,  who  would  make  a  bid 
to  procure  truly  gargantuan  antennae  for  the  Cold  War's  extra-scien¬ 
tific  demands  Foremost  amongst  this  group  was  James  H.  Trexler. 
Trexler,  who  helped  support  himself  during  college  as  an  amateur 
radio  technician,  joined  NRL  in  1942  as  a  junior  radio  engineer.  His 
first  assignment  was  in  the  Measurement  and  Direction  FindingUnit 
before  becomi  ng  part  of  the  Radi  o  Countermeasures  Branch  .Hel  ater 
would  becomehead  of  theSpace  Technology  Branch  oftheElectronic 
Warfare  Division,  one  of  the  Laboratory's  most  secretive  areas.  In¬ 
deed,  the  public  reasons  Trexler  and  the  Navy  put  forward  for  the 
construction  of  several  enormous  antennae  during  the  1950s  were  at 
best  compi  ementary  to  the  pri  mary  cl  assifi  ed  obj  ecti  ves^® 
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In  Treder  and  NRL  came  a  convergence  of  history,  interest,  na¬ 
tional  defense  and  technical  capability  that  led  to  Operation  Moon 
Bounce  also  known  astheCommunication  Moon  Relay(CMR).  With 
its  assets  distributed  around  the  world,  the  Navy  was  troubled  by  the 
I  ong  di stance  radio  communi  cati  on  cut-offs  and  i  rregul ariti es  caused 
by  Sun-dri  ven  i  onospheri  c  storms  After  al  I ,  a  seri  ous  i  nterrupti  on  of 
communication  from  command  headquarters  to  battleformationsat 
sea  could  losea  battle  Any  techniques  that  could  fill  in  communica¬ 
tion  gaps  would  be  welcome 

In  1946,  after  learning  that  Army  Signal  Corps'  researchers  had 
detected  radar  signals  that  had  reflected  from  the  Moon,  Donald 
Menzel  of  the  Harvard  College  Observatory  proposed  to  the  Navy 
Department  that  the  Moon  could  be  deliberately  used  as  a  reflector 
for  radio  signals  Menzel  had  served  as  Naval  Reserve  commander 
during  World  War  II  and  advised  thejointand  Combined  Chiefs  of 
Staff  as  a  member  of  their  radio  propagation  committee  That  pro¬ 
posal  would  find  its  way  to  James  Trexler,  who  back  in  his  college 
days  at  Southern  Methodist  University  had  tried  reflecting  high  fre¬ 
quency  radi  o  waves  from  meteor  trai  I  s  as  part  of  a  radi  o  propagati  on 
study  That  put  TrexI  er  i  nto  the  smal  I  cl  ub  that  was  apt  to  have  radi  o, 
communication,  and  cosmic  objects  in  the  same  thought. 

In  1948,apaper\n\heProceedingsofthelnstituteofRaclioEngineers 
suggesting  that  the  Moon  itself  might  have  an  ionosphere  stimulated 
TrexI  er  to  cal  cul  ate  the  requi  rements  for  an  antenna  that  coul  d  send 
signalsto  the  Moon.  By  the  end  of  June  he  realized  that  many  radar 
systems  aroun  d  the  worl  d  al  ready  were  cl  ose  to  th  e  sped  fi  cati  on .  And 
that  meant  that  signals  from  these  powerful  antennae  might  al  ready 
be  bouncing  from  the  Moon  back  to  the  Earth.  Apparently,  no  one 
had  yet  tri  ed  to  I  i  sten  for  the  refi  ecti  ons 

"The  stri  ctest  security  shoul  d  be  mai  ntai  ned  as  to  the  exi  stence  of 
such  i  ntercept  devi  ces  si  nee  the  enemy  coul  d  with  I  itti  e  diffi  culty  re¬ 
strict  the  operation  of  there[sic]  sets  to  avoid  Moon  contact,"  hewrote 
in  his  laboratory  notebook.  "One  immediate  application  of  the  sys¬ 
tem  would  be  the  detection  and  anylisis  [sic]  of  the  Russian  Radar 


230  ♦  Pushing  the  H orizon 


signals  that  have  been  monitored  at  500  Me  [million  cycles  per  sec¬ 
ond]  near  Alaska. "2° 

Thefi  rst  effort  to  fol  I  ow  up  on  thi  s  I  nsi  ght  came  I  n  theform  of  two 
long-wireantennaeontheg'oundsof  Blue  Plains*  the  immediate  south¬ 
ern  neighborof  NRL,  wherethe Chemical  Protection  Branch  had  built 
their  gas  chamber  during  the  war.  By  the  first  half  of  1950,  the  results 
were  good  enough  to  Trexler  and  Howard  Lorenzen,  his  immediate 
supervisor,  thatthey  put  in  a  request  to  Captain  Frederick  Furth,  NRL's 
military  commander,  to  pursue  a  next  generation  of  tests  with  more 
powerful  antennae  Byjunel950,  Navy  leadership  officially  included 
the  Moon  as  part  of  its  intelligence  gathering  "equipment."  First  re 
ferredto  under  the  code  name  "Joe"  the  Navy  served  up  $100,000  for 
the  project  which  it  renamed  project  PAM  OR  (Passive  Moon  Relay). 

I  n  the  wani  ng  days  of  1950,  heavy  equi  pment  began  scoopi  ng  ton 
after  ton  of  earth  from  a  si  te  at  Stump  N  eck,  M  aryl  and,  wh  i  ch  was  part 
of  the  Navy's  Indian  Head  Propellant  Plant.  When  it  was  finished,  the 
parabolic  antenna  measured  220-ft  by  263-ft.  Its  3-inch  by  3-inch  iron 
grid  could  collect  and  then  steer  radio  wavelengths  at  least  one  meter 
long  into  a  precisely  beatable  receiver  slung  above  the  grid  by  cables 
and  booms  Thefi  rst  test  on  October  21  surprised  Trexler.  Most  of  the 
energy  from  the  refi  ecti  ons  of  pul  ses  sent  at  the  M  oon  from  a  750,000 
watt  transmitter  were  picked  up  by  the  huge  parabola  in  such  a  tiny 
fracti  on  of  a  second  that  TrexI  er  knew  the  M  oon  was  goi  ng  to  be  far 
more  valuable  than  anyone  had  expected.  Theories  had  predicted  that 
theentireMoon  surfacewould  reflect  the  signal  and  thereby  arrive  back 
at  Earth  spread  out  in  time  as  though  a  normal  voice  were  replayed  at 
much  slower  speed.  The  unexpected  coherence  of  the  reflections 
bumped  TrexI er's  work  to  a  higher  priority  for  the  Navy's  electronic 
i  ntel  I  igence  program  and  i  nto  a  higher  security  status 

It  also  indicated  that  transmitter-Moon-receiver  circuits  ought  to 
work  as  part  of  modern  communi  cati on  systems,  whi  ch  i  ncl  uded  voi  ce 
and  even  video  transmission.  Over  the  next  several  years,  Trexler  and 
his  Countermeasures  col  I eagues  worked  out  the  engi  neeri  ng  i ssues  to 
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NRL  built  and  used  this  220-ft  by263-ft  antenna  In  Stump  Neck, 

M  aryland,  as  part  of  a  long-distance  communication  circuit  Involv¬ 
ing  Earth 's  natural  satellite,  the  M  oon,  as  the  reflector  of  signals 
from  the  sender  to  receiver. 

prove  thi  s  to  be  true  Thei  r  work  resulted  i  n  PAM  O  R's  programmati  c 
cousin,  theCMR  (Communication  Moon  Relay). 

In  aletterdatedJunelS,  1954  to  LouisGebhard,  Superintendent 
of  NRL's  Radio  Division  and  a  pioneer  in  transmitter  design,  Trexler 
ticked  off  a  litany  of  potential  uses  the  project  harbored.  Navigation, 
i  ntercepti  on  and  j  ammi  ng  of  enemy  radar  and  radi  o  communi  cati  on, 
upper  atmosphere  research  and  communications  with  ships*  subs, 
and  aircraft.  Moreover,  he  wrote  in  the  letter,  "it  appearsthat  the  fi¬ 
delity  of  the  Moon  circuit  is  much  better  than  predicted  in  the  pos¬ 
sible  use  of  many  types  of  circuits  such  as  high-speed  teletype  fac¬ 
simile  and  voice 

On  July  24,  Trexler  made  good  on  that  statement.  Two  and  a  half 
seconds  after  speaking  into  a  microphone  radio  waves  sent  by  the 
Stump  N  eck  parabol  a  al  ready  had  earn  ed  hi  s  voi  cethe  500,000  mi  I  es 
to  the  Moon  and  back  to  an  array  of  simpler  and  smaller  antennae 
that Trexler's group  found  would  work  justfinefor  communications 
"For  the  fi  rst  ti  me  ever,  the  sound  of  a  human  voi  ce  had  been  trans 
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mitted  out  beyond  the  ionosphere  and  then  returned  to  Earth,"  writes 
NRL  historian  David  van  Keuren.^^  A  consequence  of  such  dennonstra- 
tions  was  that  the  deveiopment  of  Moon-based  communication  cir¬ 
cuits  became  a  project  in  its  own  right,  independent  of  the  fern's 
originaiiy  envisioned  roiefor  eiectronic  i ntei ii gen ce gathering. 

But  there  was  one  i  itti  e  obstaci  e,  especi  ai  i  y  for  key  mi  i  itary  uses 
under  Pro] ect  PAM  OR,  such  as  i  ntercepti  ng  weak  Sovi et  radar  si  gnai s 
The  220-ft  by  263-ft  Stump  N  eck  paraboia  was  too  smai  i .  Trexi  er  cai- 
cuiated  that  a  truiy  gargantuan  antennae  was  needed— a  600-ft  bowi 
that  was  ionger  than  the  Washington  Monument  was  taii  and  whose 
area  wouid  cover  7.1  acres  it  wouid  be  a  22,000  ton  behemoth  yet 
capabie  of  being  pin-pointabieto  any  spot  above  the  horizon.  Any¬ 
thing  that  big  wouid  require  iots  of  money,  direct  Congressionai  ap- 
provai,  and  a  major  iobbying  effort.  The  push  began  in  eariyl955. 

As  part  of  this  effort,  NRL  puiied  off  some  strategic  internai  PR 
stunts  that  aiso  happened  to  confirm  the  communications  vaiue  of 
theMoon.  On  November  29, 1955,  Robert  Morris  Page  NRL'sAssoci- 
ate  Di  rector  of  Research  for  Ei  ectroni  cs,  sent  a  transconti  nentai  tei  etype 
message  via  the  Moon  from  the  Stump  Neck  site  to  Dr.  Franz  Kurie 
Technicai  Director  of  the  Navy  Eiectronics  Laboratory  in  San  Diego, 
CA  where  appropriate  receivers  had  been  set  up.  Page  to  Kurie: "... 
iift  up  your  eyes  and  behoid  a  new  horizon."^^  After  some  additionai 
engineering  work  to  smooth  out  some  wavering  that  siightiy  marred 
the  November  tests,  Trexi er's  group  fiexed  their  muscies  further  on 
January 23, 1956 when theChief  of  Navai  Operations  Admirai  Arieigh 
Burke  sent  a  congratuiatory  message  via  the  Moon  to  Admirai  FeiixB. 
Stump,  Commander-in-Chief  of  the  Pacific  Fieet. 

Among  the  witnesses  was  Donaid  A.  Quaries  the  Assistant  Secre¬ 
tary  of  Defense  for  Research  and  Deveiopment.  Money  foii owed,  in- 
ciuding  enough  to  cover  a  $5.5  miiiion  deveiopment  contract  with 
the  Deveiopmentai  Engineering  Corporation  to  buiid  a  demonstra¬ 
tion  modei  of  a  practicai  iong-range  navai  communication  system. 
Additionai  inteiiectuai  support  came  by  way  of  the  Nationai  Academy 


chapter  9  -  nrl,  nuclear  fallout,  and  the  cold  war  ♦  233 


(b)  Construction  In  Sugar  Grove,  West  Virginia,  began  even  before 
all  of  the  engineering  and  design  had  been  worked  out. 


of  Science'sAdvisory  Committee  on  Undersea  Warfare,  which  viewed 
thetechnologyaswell  suited  for  submarine-to-shorecommuni  cation. 

By  1959,  U  years  after  Trexler  began  musingabout  radio  circuits 
usi  ng the  M  oon,  the  N  avy  had  a  ful  I y  functi  onal  M  oon-i  ncl  uded  com- 
muni cation  system  linking  Washington,  DC  and  Hawaii.  The  next 
year,  N  RL  and  the  Navy  went  pubi  ic.  On  the  front  pages  of  newspa¬ 
pers  and  on  TV  screens  was  the  picture  of  thousands  of  officers  and 
seamen  on  the  deck  of  the  ai  rcraft  earn er  U SS  H  ancock  i  n  H  onol  ul  u 
spelling  out  "Moon  Relay."  The  facsimile  picture  of  that  scene  was 
sent  to  Washi  ngton  vi  a  TrexI  er's  M  oon  rel  ay. 
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Thesystem  no  longer  required  components  I  ike  the  Stump  Neck 
parabola.  Instead,  it  relied  on  84-ft  diameter  transmitters  set  up  at 
Opana,  Oahu  and  at  Annapolis,  Maryland,  home  of  the  Naval  Acad¬ 
emy.  Much  smaller  receivers  were  set  up  in  Cheltenham,  Maryland 
and  Wahiawa,  Oahu.  "Thesystem  could  accommodate  up  to  16  tel e- 
pri  nter  chan nel  s  at  the  rate  of  60  words  per  mi  nute  and  was  capabi  e 
of  processing  teletype  and  photographic  facsimiles,"  according  to 
David  van  Keuren.^^  The  system  continued  to  become  more  conve¬ 
nient  with  smaller  and  more  portable  receivers  and  transmitters. 

Throughout  the  technical  development  of  the  Moon  circuit,  oth- 
ersatNRLsawconsiderablebenefit.  Foronething,  because  the  Stump 
Neck  antenna  could  only  eavesdrop  on  the  Soviet  Union  for  a  few 
hours  each  month,  the  great  bowl  was  I  argel  y  aval  I  abl  eto  N  avy  radi  o 
astronomers  M  oreover,  the  proj ect  entai  I ed  the  bui  I  di  ng  of  a  room¬ 
sized,  electricity-guzzling,  vacuum-tube  riddled  Naval  Research  Com¬ 
puter  (NAREC),  which  in  the  early  1950s  represented  cutting-edge 
computer  technology.  Many  at  NRL  would  usetheNARECto  under¬ 
take  formi  dabi  e  cal  cul  ati  ons  Among  them  werej  erome  and  I  sabel  I  a 
Karl e and  Herbert  Hauptman.  Forthem,  theNAREC  opened  theway 
to  daunting  mathematical  calculationsneededfortheirseminal  work 
on  X-ray  crystallography.  In  the  hands  of  other  NRL  researchers, 
NAREC  would  be  applied  to  calculating  trajectories  of  satellites  and 
I  ong  range  bal  I  i  sti  c  mi  ssi  I  es^^ 

Meanwhile  even  before thefirstpublicdisplay of theMoon  cir¬ 
cuit  in  1960,  the  original  1948  motivation  byTrexlerfor  getting  into 
theMoon  relay  business— listening  in  on  Soviet  radio  and  radar  traf¬ 
fic— had  become  bigger  and  more  secret  than  anyonehad  anticipated. 
Thereason:theNational  SecurityAgency(NSA),  which  had  been  cre¬ 
ated  by  way  of  a  secret  memorandum  signed  byPresidentTruman  on 
November  4, 1952,  wanted  in. 

To  official  sat  the  new  NSAand  other  U.S.  intelligence  organiza¬ 
tions,  the  enormous  radio  ear  of  the  kind  thatTrexler  had  proposed 
bui  I  di  ng  i  n  the  backwoods  of  West  Vi  rgi  ni  a  was  j  ust  the  ri  ght  ki  nd  of 
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devi  cefor  I  i  steni  ng  i  n  on  Sovi  et  radi  o  and  radar  traffi  By  1959,  the 
NSA  and  the  Office  of  Naval  Research  (NRL's  parent  organization), 
had  convinced  Congress  to  put  $60  million  into  the  project  to  build 
the  largest  moving  structure  that  human  beings  had  ever  made  The 
pubi  i  c  cover  story  was  that  the  bi  g  di  sh  was  to  be  the  most  powerful 
tool  the  radi  0  astronomy  communi  ty  had  ever  seen .  I  n  the  i  nterest  of 
one-upmanship,  it  also  would  be  the  United  States'  answer  to 
England's  record  radio  astronomy  dish. 

But  the  Sugar  Grove  project  became  far  more  complicated  and 
expensive  than  its  champions  had  expected.  After  requests  for  addi¬ 
tional  multimillion-dollar  chunks  of  public  funding  in  1960  and 
1961,  Congress  pi  aced  a  budget  I  i  mit  of  $135  mi  1 1  i  on.  N  avy  anal ysts 
calculated  that  figure  to  be  roughly  two-thirds  of  what  would  be 
needed.  By  1962,  as  satellite  communication  technology  began  to 
mature  President  Kennedy  was  receiving  counsel  from  his  science 
advisor aswell  astheheadoftheCentral  IntelligenceAgencythatthe 
project  would  end  up  at  best  as  a  marginal  deal  for  intelligence-gath¬ 
ering. 

"Eventually  it  was  decided  that  Sugar  Grove  would  betheideal 
replacementfacilityfortheNaval  Radio  Station  atCheltenham,  Mary- 
I  and,"  wrote]  ames  Bamford  i  n  The  Puzzle  Palace,  his  1982  history  of 
thesecretive  National  Security  Agency^^Theswitch  was  implemented 
in  May  1969.  According  to  Bamford,  "NRL  continued  to  operate  a 
sixty-foot  microwave  receiving  antenna  bull  ding  in  1957  asaproto- 
type"  for  the  600-footer. H  e  wrote  that  on  J  ul  y  1, 1975,  N  RL  was 
rel  i  eved  of  its  rol  eat  Sugar  Grove  by  the  N  aval  Security  Group,  whi  ch 
waspartoftheCentral  SecurityServiceestablished  by  President  Nixon 
in  1972  to  "provide  a  more  unified  cryptologic  organization  within 
the  Department  of  Defense"^®  After  that,  Bamford's  book  mai  ntai  ns 
that  the  NSA  built  additional  surveillance  equipment  at  the  Sugar 
G  rove  fad  I  i  ty,  wh  i  ch  i  t  used  to  keep  track  of  a  maj  or  porti  on  of  satel  - 
lite-carried  international  communications  But  the  giant  radio  tele¬ 
scope  recommended  byTrexler  was  never  built. 
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Cold  War  in  theAbyss 

Soon  after  the  I  oomi  ng  costs  of  the  Sugar  Grove  proj  ect  began  to 
ensure  its  dennise;  the  Cold  War  and  NRL  were  entwining  in  other 
remarkable  and  sometimes  nightmarish  ways  An  example  of  the  lat¬ 
ter  ki  nd  began  i  n  the  early  spri  ng  of  1963. 

O  n  th  e  even  i  n  g  of  Apri  1 10,  C  aptai  n  Brad  I  ey  F.  Ben  n  ett,  N  RL's  mi  I  i  - 
tary  di  rector  at  the  ti  me;  was  at  a  di  nner  party  when  he  learned  the 
news  of  a  tragic  accident  at  sea.  The  Thresher,  a  newly  built  nuclear 
submarine  undergoing  shakedown  tests  at  sea,  had  just  sunk  to  a  depth 
greater  than  8,000  feet  (more  than  IV2  miles)  in  an  area  of  the  Atl  an¬ 
ti  c  260  mi  I  es  east  of  Boston.  There  were  129  men  aboard.^° 

There  was  no  hopeforthemen:  everyone  knew  that  beginning  at 
around  1,000  feet,  water  pressure  would  have  been  sufficiently  high 
to  crush  the  submarine's  hull.  Bennett's  instinct  was  to  immediately 
call  Chester  Buchanan,  head  of  a  small  team  of  ocean  scientists  and 
engi  neers  i  n  the  Sonar  Systems  Branch  at  N  RL  that  had  been  devel  op- 
i  ng  tools  for  monitori  ng  the  deep  ocean. 

After  a  sleepless  night,  Buchanan  handed  the  Captain  a  handwrit¬ 
ten  plan  to  search  for  the  Thresher.  The  next  day,  five  researchers 
(headed  by  Tony  Hollins)  in  Buchanan's  branch,  and  others  from 
elsewhere  at  NRL  and  the  Hudson  Laboratories,  boarded  the  small 
acoustics  research  vessel  Rockville  and  headed  with  sonar  equipment 
tothesearch  area  to  join  a  growing  armada  of  search  vessels  The  first 
team  returned  to  New  London  after  ten  days  and  a  second  Sound 
Division  team,  headed  by  Burton  Hurdle;  took  the  Rockville  out  of 
New  London,  Connecticut,  along  with  new  equipment  to  join  the 
search.  In  subsequent  days  ydt  more  NRL  personnel,  including  Chester 
Buchanan,  boarded  the J.M.  Gillis  with  additional  equipment  and 
joined  the  search. 

"Every  resource  of  the  United  States  Navy  was  thrown  into  the 
hi  stori  c  search  operati  on,"  wrote]  ames  H .  Wakel  i  n,  J  r.,  Assi  stant  Sec¬ 
retary  of  the  N  avy  for  Research  and  Devel  opment,  I  ater  i  n  a  A/  atl onal 
G  eographic  magazi  ne  arti  cl  e^ 


chapter  9  -  nrl,  nuclear  fallout,  and  the  cold  war  ♦  237 


The  search  centered  on  a  100-square  mile  area,  which  is  small  by 
ocean  standards  But  finding  a  silvery  submarine  somewhere  at  the 
very  bottom  of  100  square  mi  I  es  of  deep  ocean  was  aki  n  to  fi  ndi  ng  a 
shavi  ng  of  metal  at  the  bottom  of  a  deep  tank  of  opaque  oi  I .  More¬ 
over,  tryi  ng  to  steer  i  nstruments  from  a  surface  shi  p  to  a  spot  8,000 
feet  away  on  the  bottom  of  the  ocean  was  aki  n,  i  n  Wakel  i  n's  words 
"to  a  man  in  a  balloon,  a  mile  and  a  half  above  the  earth,  unsure  of 
hisown  position,  trying  to  drop  afish  linethrough  a  blizzard  into  a 
swimming  pool. 

The r/iresfiff"  began  to  reveal  itself  in  mid-June  Using  a  magne¬ 
tometer  to  detect  metal  and  a  camera  towed  from  a  surface  shi  p,  re¬ 
searchers  from  the  Woods  H  ol  e  Oceanographi  c  I  nstitute  and  Lamont 
Geological  Observatory  photographed  portions  of  the  wrecked  sub- 
marineTwo  months  later,  the  manned  research  vessel  Tnestel,  which 
was  bei  ng  operated  by  the  N  avy  El  ectroni  cs  Laboratory,  I  ocated  more 
wreckage  The  bulk  of  the  submarine  however,  remained  undiscov¬ 
ered  by  September  when  bad  weather  forced  Captain  Frank.  A. 
Andrews,  head  of  the  search  operations  at  the  site  to  postpone  the 
rest  of  the  search. 

Thelossofthelhresfie"  wasawakeupcall  fortheNavy.  In  asum- 
mary of  thel/iresfier  search  operation  in  1965  highlight! ngtheNav/s 
inadequacy  in  deep-sea  search,  location,  and  rescue  Captain  Andrews 
wrote  that  the  tragedy  "demonstrated  onl  y  too  cl  earl  y  the  degree  of 
ignorance  and  inability  which  surrounded  the  entire  business. 

When  search  operations  resumed  in  1964,  NRL's  recently  procured 
research  vessel ,  M  izar  (a  converted  Arcti  c  resupply  shi  p) ,  whi  ch  woul  d 
later  be  custom!  zed  with  acentral  well  through  which  instrumentsor 
tow  lines  could  be  lowered  into  the  water,  became  the  pivotal  ele¬ 
ment.  Under  the  direction  of  Buchanan,  other  members  of  the  team 
had  fitted  a  tow-vessel  with  a  battery  of  cameras*  strobe  lights,  side- 
I  ooki  ng  sonars,  a  rechargeabi  e  battery,  and  a  sci  nti  1 1  ati  on  detector  for 
detecting  radiation.  Projectingfromtheprow  of  the  tow  vessel  likea 
nose  was  a  magnetometer,  which  would  trigger  the  lights  and  cam- 
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NRL's  oceanographic 
research  ship  M  izar 


eras  at  thefi  rst  "sniff"  of  metal .  The/W  izar  al  so  was  i  n  communi  cat!  on 
with  a  bottomed  navigational  acoustic  transponder  so  that  it  would 
be  abl  e  to  pi  npoi  nt  the  exact  I  ocati  on  of  the  Thresher  i  n  case  it  were 
found.  Thiswas  crucial  because  drift  and  currents  relentlessly  shifted 
theshi ps'  and  towed  vehicles'  positions  relati veto  theocean  bottom. 

Successcamequicklythistime  "In  thefi  rst  eight  hours  of  search, 
M  /zar'stowed  vehi  cl  e  photographed  thetai  I  sect!  on  of  Thresher,"  wrote 
Captain  Andrews  with  palpablepride^‘'ThatwasJune27, 1964;  over 
the  next  days  and  weeks,  the Mizar's  crew  located  and  photographed 
the  main  portions  of  the  Ihresfier's  hull.  More  than  50,000  photo¬ 
graphs  were  taken  M  oreover,  the  navi  gati  onal  data  enabi  ed  the  N  RL 
to  direct  the  manned  Trieste  ii  to  land  directly  atop  a  portion  of  the 
Thresher  hull  where  it  could  take  close-up  photographs  Unable  at 
fi  rst  to  sees!  gns  of  the  hul  I ,  the  crew  of  theTriesteii  thought  the/W  izar 
had  steered  them  awry.  But  when  the  crew  member  who  was  I  ooki  ng 
out  of  the  viewing  port  took  a  closer  look,  he  realized  the  Trieste  ii 
had  al  i  ghted  di  rectly  on  top  of  the  Thresher's  remai  ns 

"Probably  the  most  significant  improvement  in  search  effective¬ 
ness  fol  I  owi  ng  the  1963  search  effort  was  the  i  nstal  I  ati  on  of  under¬ 
water  track!  ngequipment(UTE)ontheUSNSM/zar,"And  rews  wrote 
'The  Naval  Research  Laboratory  deserves  great  credit  for  this  accom- 
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plishment,  for  without  it  the  almost  complete  photography  of  the 
visibleportionsof  r/?resf?ff''shull  would  have  been  impossible"^® 

In  addition  to  photographing  the  wreck,  radiation  measuring  in¬ 
struments  on  the  M /zar's  towed  vehicle  and  on  Trieste  II  answered  a 
burningquestion:  was  rad  i  o  act!  ve  materi  al  i  n  th  e  su  bmari  n  e's  reactor 
I  eaki  ng  i  nto  theocean?The  1964  i  nstrument  readi  ngs  i  ndi  cated  there 
were  no  radioactivity  levels  above  expected  background  levelsattrib- 
uted  to  naturally  radioactive  atoms  in  the  ocean  water  and  sea  bot¬ 
tom.  Therefore  either  the  reactor  had  remained  intact  or  any  radioac¬ 
tivity  that  was  going  to  leak  already  had. 

On-site  analysisof  the  remains  found  during  the  Thresfie"  opera- 
ti  on  confi  rmed  what  everyone  al  ready  knew— that  as  the  submari  ne 
had  sankthrough  its  "crush  depth,"  itwas crushed  likean  aluminum 
can  bytheenormous oceanic  pressure  Butthesearch  did  not  provide 
answers  to  the  more  important  question  of  what  went  wrong  in  the 
fi  rst  pi  ace  to  send  one  of  the  nati  on 's  cutti  ng-edge  submari  nes  and  i  ts 
highlytrained  crew  to  their  demise  Recover!  ngthewreckage  from  an 
ocean  depth  of  8,400  feet  with  the  hope  of  answer!  ng  that  quest!  on 
would  have  amounted  to  an  Apol  I  o-scale  operation  with  no  guaran¬ 
tee  that  the  coveted  answers  woul  d  be  found.  The  Thresher  remai  ns 
on  the  ocean  bottom  today. 

Thesearch  for  the  lost  submari  neturned  out  to  bemerelythefirst 
of  a  highly  dramatic  series  of  deep-ocean  searches  for  Buchanan  and 
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themen  in  hisbranch,  which  was  renamed  as  the  mo  re  general  Deep 
Sea  Research  Branch.^^  The  next  Col  d  War  sea  search  drama  began  on 
January  17,  1966,  when  a  hydrogen  bomb  that  had  qected  from  a 
disabled  U.S.  bomberfell  into  the  Mediterranean  Seaoff  of  Palo  mares* 
Spai  n .  Ei  ghteen  days  I  ater,  the  M  izar  and  a  conti  ngent  of  N  RL  sci  en- 
tistswason  its  way  to  the  scene  Itwasapoliticallycharged  event.  For 
one  thing.  Allied  nations  could  place  restrictions  on  the  flying  of 
nuclear  bombers  over  their  territory,  or  worse  the  bomb  and  its  se 
crets  could  have  fallen  into  undesirable  hands. 

The  search  began  at  a  location  pointed  out  by  a  Spanish  fisher¬ 
man  who  had  seen  the  bomb  fal  I .  Whi  lethecrew  of  the/W  izar  searched 
with  the  ship's  towed  instruments,  the  manned,  22-footAlvin,  which 
the  Woods  Hole  Oceanographic  Institute  operated  for  the  Office  of 
Naval  Research,  was  scouri  ng  the  steep  and  rugged  seafloor  looking 
for  the  bomb  i  n  an  area  j  ust  southeast. 

As  in  theThre^er  search,  Buchanan's  team  and  the  M  izar  located 
the  lost  military  asset  and  provided  the  navigational  guidance  for  deep 
submersibles  In  place  of  the  fhesfesubmersiblewerethe/A/wn  and 
theAiuminaut,  which  was  owned  by  the  Reynold's  Aluminum  Com¬ 
pany  and  retained  for  the  search  under  contract.  With  a  special  un¬ 
dersea  telephone  to  the  oceanauts  in  theAivin,  which  was  about  to 
embark  on  its  first  scientific  mission  when  it  was  called  to  the  H- 
bomb  search,  the  M  izar  could  guide  the  submersible  much  as  an  air 
traffi  c  control  tower  gui  des  ai  rcraft. 

0  n  M  arch  15,  the/A  ivin  spotted  the  bomb  at  a  depth  of  2,800  feet. 
Since  it  could  remain  submerged  for  only  short  periods  of  time  the 
Aiuminaut,  which  could  remain  submerged  longer,  was  directed  to 
thespot.  Itserved  as  a  marker  so  that  the/W /zar  could  useits  naviga¬ 
tional  and  location  fi  ndi  ng  equi  pment  to  obtain  a  precise  fix  on  the 
bomb.  That,  in  turn,  enabled  theAivin  to  bring  recovery  equipment 
to  the  bomb. 

First,  the  crew  of  the/W /zar  lowered  a  steel  lifting  line  and  "work 
table"  to  the  site  of  the  bomb.  Then  the  crew  of  theAivin  used  the 
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vessel's  telerobotically  controlled  arm  to  entangle  the  lifting  line 
around  shroud  I  i  nes  of  a  parachute  attached  to  the  bomb. 

So  far  so  good.  Butjust  as  thebombwasliftingfrom  the  bottom, 
the  lift  line  broke  The  nuclear  weapon  slid  further  down  the  steep 
slope  In  a  second  recovery  attempt  on  April  8,  the  Mi zar  directed 
Alvin  back  to  the  sight.  Despite  a  harrowing  few  minutes  when  the 
crew  of  the  Alvin  quickly  maneuvered  to  avoid  getting  entangled  in 
the  parachute  shroud,  theMizar  hoisted  the  bomb  to  its  deck. 

Two  years  I  ater,  j  ust  as  Buchanan's  team  was  testi  ng  a  new  wi  de- 
anglecamera  with  increased  film  capacity,  theMizar  and  NRL  scien¬ 
tists  were  again  called  upon.  On  May  27, 1968,  another  submari ne 
theUSSScorp/on,  had  tragically  sunk  to  the  bottom  of  theocean  west 
of  Azores  with  the  loss  of  99  officers  and  men.  During  its  172  day 
search  cruise  between  June  2  and  November  22,  1968,  the  Mizar's 
crew  relied  on  their  homemade  "fish"— a  towed  aluminum  cage  and 
platform  bearing  magnetometers,  sonars,  cameras,  and  other  equip¬ 
ment  attached  to  the M  izar  by  a  20,000  foot  armored  umbi  I  i cal .  The 
"fish"  camera  photographed  a  bent  pi  eceof  metal  at  a  depth  of  about 
10,000  feet  18  days  into  the  operation,  but  it  could  not  be  clearly 
linked  to  theScorp/on. 

Thesearch  went  on  for  another  five  months  elsewhere  before  the 
M  izar  and  its  "fish"  returned  to  the  site  of  the  bent  metal .  There  a 
magnetometer  and  sidelooking  sonar  both  picked  up  signals  diag- 
nosti  c  of  a  man-made  obj  ect.  Photos  taken  of  the  si  te  reveal  ed  a  I  arge 
secti  on  of  theScorp/on 's  hull .  At  the  end  of  a  subsequent  run  with  the 
"fish,"  the  tow  cable  gave  way  just  as  the  "fish"  was  breaching  the 
surface  and  the  instrument-laden  platformjoinedtheScorp/on  nearly 
2  mi  I  es  bel  ow.  That  the  cabi  e  had  worked  at  al  I  was  testi  mony  to  the 
detai  I  ed  physi  cal  i  nvesti  gati  ons  and  mathemati  cal  model  i  ngthat  N  RL 
researchers  had  conducted  in  order  to  better  understand  the  kind  of 
behavior  to  be  expected  from  long  underwater  tow  cables  Despite 
th  e  I  OSS  of  th  i  s  val  uabi  e  equ  i  pment,  th  e  operati  on  yi  el  ded  over  150, 000 
photographs  continuously  covering  12  square  miles  of  ocean  bot- 
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tom.  Thefinal  10,000  of  those  photos,  which  revealed  theScorp/on's 
hulkand  debris,  were  taken  with  aspare"fish"  aftertheprimary"fish" 
went  down.  TheScorp/on  and  its  occupants  were  not  retrieved. 

Even  before the/W  izar  returned,  word  of  yet  another  deep  sea  loss 
came  through.  On  October  16,  1968,  the  Alvin  went  down  off  the 
Coast  of  Martha's  Vineyard  due  to  a  handling  mishap.  But  si  nee  the 
Mizar’s  equipment  was  in  bad  need  of  refurbishing,  upgrading  and 
replacement,  itwasn't until  thefollowingjunethatthevessel  steamed 
out  to  thesiteto  search  for  the/A/wn.  The  previousfive-years  worth  of 
practice  on  such  items  as  lost  submarines  and  thermonuclear  weap¬ 
ons  paid  off.  After  only  four  days  of  searching,  the  M  izar's  sensors 
found  the  Alvin  at  5100  feet.  From  photographs,  it  appeared  that  the 
submersi  bl  e  was  i  n  fi  ne  shape  save  for  some  damage  to  the  propel  I  er 
assembly. 

The  recovery  effort  i  ncl  uded  the/W  izar,  several  other  surface shi  ps, 
and  theAlunninaut.  After  initial  failures  to  attach  a  toggle  bar  that  was 
part  of  the  lifting  apparatus  to  an  open  hatch  on  theAlvin,  and  some 
delay  due  to  rough  weather,  theAlunninaut  dove  again  and  success¬ 
fully  attach  edthebartothe/A/wn.Tensionwashighbecausethenext 
step  of  hoisti  ngtheAlvin  to  th  e  surf  ace  requi  red  that  a  4V2  i  nch  di  am- 
eter  nyl  on  I  i  ne  hoi  d  together  under  these  conditi  ons  Although  cal  cu- 
lations  suggested  the  operation  ought  to  work,  no  one  had  ever  at- 
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tempted  such  a  feat.  Rather  than  pullingthe/A/w'n  completely  out  of 
the  water,  the  M  izar  towed  the  submersi  bl  e  to  shore  where  she  was 
pumped  dry  and  later  refurbished. 

Calisfor  new  search  operations  continued  coming  in.  On  March 
4, 1970,  the  French  Navy  submarine;  Eurydice,  sank  in  the  Mediterra¬ 
nean  near  Toulon.  The  French  government  quickly  asked  for  U.S.  as¬ 
sistance  After  getting  the  go-ahead  from  the  Chief  of  Naval  Opera- 
ti  ons,  the  M  izar  set  off  across  the  Atl  anti  c  on  M  arch  25.  One  month 
later,  the  first  photos  of  the  £uryd/ce  were  in  hand  and  atransponder 
was  pi  aced  ami  dst  the  debri  s  so  that  the  French  N  avy  coul  d  1  ater  re 
turn  to  the  site  with  their  own  deep  sea  submersible /A  rc/?/medes. 

The  same  year,  the  M  izar  pi  ayed  an  i  mportant  rol  e  i  n  the  contro- 
versi  al  scutti  i  ng  of  an  obsol  ete Li  berty  Shi  p  LeBaron  R ussei  Briggs,  whose 
holds  had  been  laden  with  418  steel -encased  concrete  vaults,  each 
filled  with  30  nerveagent  rockets  After  heated  Congressional  hear¬ 
ings  and  court  acti  ons  that  fol  1  owed  the  pubi  i  c  an  noun  cement  of  the 
pi  an,  the  scutti  i  ng  took  pi  ace  on  August  18, 1970  about  240  nauti  cal 
miles  east  of  the  Florida  coast  in  a  16,000  foot  basin. 

N  RL's  techni  cal  rol  e  was  to  parti  ci  pate  i  n  the  pre-scutti  i  ng  survey 
to  characterize  the  marine  life  and  chemical  composition  and  to  con¬ 
duct  several  post-scuttling  surveys  and  analyses  to  monitor  theeffects 
of  the  procedure  In  October,  the  M  izar  conducted  the  first  post-dis 
posal  inspections  Sonar  and  magnetometer  readingsshowed  that  the 
hull  had  remained  intact  and  water  samples  taken  were  all  devoid  of 
detectabi  e  nerve  agents  or  expected  breakdown  products  The  M  izar 
obtai  ned  si  mi  lar  results  i  n  four  subsequent  returnsto  thesite  the  I  ast 
one  in  January  1974. 

Throughout  the  Laboratory's  era  of  searchi  ng  the  deep  sea  fl  oor, 
NRL  scientists  and  engineers  developed  and  honed  sensors,  cameras 
hoisting  techniques  more  control  I  able  towed  platforms,  and  a  host 
of  other  technologies  that  subsequentlyserved  both  for  searches  and 
fundamental  investigations  of  deep-ocean  phenomena  and  environ¬ 
ments  Despite  the  track  record  of  N  RL's  deep-sea  search  research  and 
development  team,  the  cost  of  running  the  M  izar  had  become  too 


244  ♦  Pushing  the  H orizon 


Sonar  image  taken  by 
NRL  of  the  scuttled 
LeBaron  Russel  Briggs 


high.  NRL  transferred  the/W/zar  to  theNaval  El  ectronicsSystenns  Com¬ 
mand  and  with  that  ended  the  Laboratory's  era  of  deep-sea  floor 
searches. 

Walter  Brundage;  an  Acoustics  Division  researcher  who  had  been 
involved  in  the  deep-sea  searches,  later  remarked  thatitwasonlynatu- 
ral  for  NRL  to  relinquish  its  near-monopoly  on  deep-sea  search  tech- 
nol  ogy.  By  the  mi  d- 1970s,  the  Woods  H  ol  e  Oceanographi  c  I  nstitute 
had  developed  its  own  "fish,"  ANGUS,  or  the  Acoustically  Navigated 
Geophysical  Underwater  Survey.  TheScrippsInstitution  of  Oceanog¬ 
raphy  had  its  own  version.  Deep  Tow.  "The  Navy  could  turn  elsewhere 
for  help  on  deep-seafloor  missions  and  theLaboratory  could  turn  its 
research  and  development  elsewhere"  Brundage  concluded.^® 

Making  Nuclear  Submarines  Habitable 

Ironically,  nuclear  submarines  like  the  ill-fated  Thresher  never 
would  have  had  a  chance  to  become  part  of  the  awful  Cold  War  stale 
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mate  of  Mutually  Assured  Destruction  without  NRL  chemists.  They 
spent  the  1950s  and  1960s  identifying  and  solving  myriad  gaschem- 
i  stry  i  ssues  central  to  keepi  ng  the  i  nteri  or  of  a  nuci  ear  submari  ne  hab- 
itable'‘°  When  the  USS  A/ auf/7 us  made  history  in  1956  by  becoming 
the  worl  d'sfi  rst  depi  oyed  nucI  ear  submari  ne  N  RL  sci  enti  sts  knew  thei  r 
fi  ngerpri  nts  were  al  I  over  this  accompi  i shment. 

Before  the  advent  of  nuclear  propulsion,  submarines  spent  most 
of  their  time  cruising  on  the  surface  Non-nuclear  submarines  were 
morelikesurfaceshipsthathadtheabilityto  intermittently  submerge 

"With  nuclear  reactor-powered  submarines,  it  became  evident  to 
NRL  chemists  that  the  period  of  submergence  would  no  longer  be 
[so]  limited  . . .  and  that  additional  far-reaching  measures  to  control 
the  bubble  of  air  [the  vessel's  atmosphere]  would  soon  be  needed," 
recalls  Carhart,  who  in  1998  remains  an  active  emeritus  scientist  at 
N  RL  and  i  s  wi  del  y  vi  ewed  as  the  N  av/s  guru  on  fi  re  sci  ence  and  pre- 
vention.  During  the  first  half  of  the  Cold  War,  however,  the  NRL's 
chemists' work  focused  more  on  making  closed  submari  ne  envi  ron- 
mentssafeand  habitableforaslongatime  as  possible  "Itwasobvi- 
ousthat  meansfor  theconti  nuous  repi  enishment  of  oxygen,  removal 
of  carbon  dioxide  hydrogen,  carbon  monoxide  and  other  contami¬ 
nants,  and  monitoring  would  bea  must,"  Carhart  noted.'*^ 

In  the  early  1950s,  as  many  as  20  NRL  chemists  under  the  leader¬ 
ship  of  Bill  Zisman  simultaneously  worked  on  th  e  submari  neatmo- 
spherehabitability  problem.  Fai  I  ureto  sol  vethe  problem  would  mean 
that  an  increasing  load  of  "indoor  pollution"  during  a  cruise  of  a 
nuclear  powered  sub  would  force  the  vessel  to  surface  way  before 
military  planners  had  hoped.  Theadvantageof  a  revolutionary  nuci  ear 
propulsion  ^em,  therefore  was  at  risk  of  bei  ng  squandered. 

Proof  that  the  N  RL  chemi  sts  had  gone  a  I  ong  way  toward  sol  vi  ng 
the  indoor  air  pollution  problems  on  nuclear  submarines  came  by 
way  of  the  "Flabitability  Cruise"  in  1955.  A  cadre  of  NRL  chemists 
boarded  the  USS  A/  autUus  with  a  battery  of  analytical  i  nstrumentsfor 
i  dentifyi  ng  vol  ati  I  e  chemi  cal  s  i  n  the  ai  r.  The  A/  autUus  was  abl  e  to  stay 


246  ♦  Pushing  the  H orizon 


submerged  and  habitablefor  U  days,  a  length  of  time  that  until  then 
had  been  unheard  of  in  the  submarine  world.  As  exhilarating  as  that 
was,  theNRL  chemists  did  make  some  troubling  observations  One 
of  them  was  an  unexpectedly  high  level  of  the  kinds  of  hydrocarbons 
found  in  paint  solvents 

"Si  ncethefi  rst  few  nuclear  submari  nes  were  the  object  of  al  most 
constant  visits  byimportant  and  interested  people  surfacesthat  needed 
it  were  touched  up,  in  the  good  old  Navy  tradition,  even  whilesub- 
merged,"  Carhart  recal  Is"^^  The  amount  of  vol  ati  I  e  hydrocarbons  was 
so  great  at  times  that  in  aslittleastwo  daysit  could  saturate  the  beds 
of  activated  charcoal  that  were  part  of  the  submarines'  ventilation 
systems  to  remove  odors 

The  obvi  ous  sol  uti  on  was  to  end  the  practi  ce  of  pai  nti  ng  surfaces 
inside  of  submerged  submari  nes  where  there  was  no  way  to  vent  the 
volatile  paint  vapors  from  the  vessel.  "It  was  difficult  to  break  the 
traditi  on'  of  pai  nti  ng  at  the  si  i  ghtest  provocati  on  but  i  n  ti  me  it  was 
done  with  NRL's encouragement,"  Carhart  recalls'^^ 

Not  all  traditi onsdieso  easily.  Thetraditi on  ofsmokingon  board 
submerged  submarines  was  one  of  them.  The  conditions  aboard  a 
su  bmari  n  e  were  austere  en  ough  that  to  take  away  th  e  pri  vi  I  ege  of  smo  k- 
i  ng,  one  of  the  few  perks  avai  I  abl  e  to  the  sai  I  ors,  was  si  mply  not  an 
option  during  the  era  of  the  first  generation  of  nuclear  subs  As  a 
result,  i  nvisi  bl  e  carbon  monoxi  de  from  the  burni  ng  tobacco  as  wel  I 
as  smoke  became  contaminants  that  had  to  be  scavenged  from  the 
air. 

Rather  than  relying  on  a  behavioral  solution  as  they  did  for  the 
pai  nt  sol  vent  probi  em,  N  RL  chemi  ststhis  ti  me  turned  to  a  Worl  d  War 
I  era  catalyst.  Called  Hopcalite  it  could  oxidize  carbon  monoxide  to 
the  less  toxic  carbon  dioxide  when  moderately  heated.  The  carbon 
dioxide  then  could  be  readily  removed  from  the  air.  The  problem 
with  moderately  heated  Hopcalite;  however,  was  that  it  tended  to 
absorb  organic  compounds  from  the  atmosphere  which  could  then 
react  wi  th  expl  osi  ve  force  i  n  the  bed  of  catal  yst  parti  cl  es. 
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That  problem  could  be  solved  by  heating  the  catalyst  hotter  yet, 
since  the  additional  heat  would  destroy  any  adsorbed  organic  com¬ 
pounds  before  they  could  build  to  explosive  levels  Thetroublewith 
that  solution,  on  the  other  hand,  isthatvery  hot  Ho  peal  ite  starts  to 
breakdown  refrigerant  molecules  (CFCs),  which  occasionally  leaked 
i  nto  the  submari  ne  i  nteri  or  from  the  submari  ne's  cool  i  ng  and  refri  g- 
eration  systems.  With  Hopcalite  thiscould  become  dangerous  si  nee 
some  of  the  breakdown  product  of  the  CFC  molecules  would  be  in 
the  form  of  airborne  hydrochloric  acid  and  hydrofluoric  acid— both 
very  strong,  corrosive  and  injurious  materials  "Thethin  lineof  com¬ 
promise  in  temperature  to  optimize  burning  and  minimize  halogen 
acid  production  had  to  be  found,  and  was,"  Carhart  states^'^  Later, 
NRL  chemists  helped  to  find  more  stable  refrigerants,  thereby  further 
reducing  the  hydrofluoric  acid  danger,  he  adds 

Carbon  monoxidefrom  burning  tobacco  was  an  invisible  poison 
that  Hopcalite  and  other  catalysts  could  take  out  of  the  air,  but  the 
visible  smoke  from  cigarettes  also  was  a  problem.  Early  tests  indi¬ 
cated  that  tobacco  smoke  accounted  for  about  75%  of  the  aerosol ,  or 
vi  si  bl  e  parti  cul  ate  haze  i  nsi  de  of  submari  nes  Thesol  uti  on  of  the  N  RL 
chemists  i  n  this  case  was  to  modify  highly  effi ci ent  el ectrostati c  pre- 
ci  pitators  so  they  coul  d  cl  ear  12,000  cubi  c  feet  of  submari  ne  ai  r  per 
minute 

There  were  other  more  i  nsi  di  ous  probi  ems  that  became  apparent 
once  the  larger  and  more  obvious  habitability  problems  had  been 
solved.  Oneof these wasastrangelyextensivedegreeof  corrosion  on 
new  submarines  The  NRL  chemist/ sleuths  identified  the  culprit  as 
methyl  chloroform,  asolventthat  was  being  used  forthefirsttimeas 
part  of  the  adhesi  ve  systems  for  sheets  of  i  nsul  ati  on  al  ong  the  hul  I . 
The  methyl  chloroform,  a  toxic  compound  better  left  outside  of  a 
submari  ne;  was  enteri  ng  the  catal  yti  c  burner  used  to  break  down  other 
contaminants,  yielding  a  combination  of  hydrochloric  acid  and  vi- 
nylidene  chloride  The  acid  was  causing  the  corrosion  and  the  vi¬ 
nyl  i  dene  chloride  was  even  moretoxic  than  the  methyl  chloroform. 
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That  revelation  spelled  the  end  of  methyl  chloroform  use  on  subma¬ 
rines 

"I  n  si  mi  I  ar  vei  n,  N  RL  has  had  to  pi  ay  detect!  ve  repeatedi  y  and  by 
finding  sources  of  lachrymotors  [tear-jerking  emanations  I  ike  onion 
vaporsand  tear  gas],  irritants  poisons  etc,  was  ableto  eliminate  many 
causes  of  discomfort  and  danger,"  Carhart  recal  Is  Thei  r  detect!  ve  work 
sometimes  turned  up  surprises  "Who  would  have  thought  that  by 
allowing  men  to  bring  aboard  their  propel  I  ant-type  shaving  creams 
and  deodorants  someth!  ng  on  the  order  of  30  pounds  of  fl  uori  nated 
propellants  of  undetermined  composition  would  get  "dumped"  into 
the  atmosphere  on  a  si  ngl  e  patrol  0  nee  i  n  the  atmosphere;  these 
propel  I  ants  then  woul  d  transform  by  way  of  the  sub's  catal  yti  c  burn¬ 
ers  i  nto  troubi  esome  ai  rborne  agents. 

Since  NRL  chemists  equipped  with  laboratory  analytical  equip¬ 
ment  were  not  goi  ng  to  be  assi  gned  to  each  submari  ne  to  keep  track 
of  atmospheric  conditions,  the  habitability  chemists  began  develop¬ 
ing  a  seri  es  of  chemi  cal  anal  ysi  s  machi  nes  that  coul  d  be  put  on-board 
and  run  by  trained  sailors  The  first  was  the  Mark  I  Analyzer.  Later 
models  still  in  use  in  the  1970s  monitored  oxygen,  carbon  dioxide; 
carbon  monoxide;  hydrogen,  and  refrigerants  To  keep  track  of  the 
hydrocarbon  contaminants,  thechemists developed  aspecialized  gas 
chromatograph,  the  Total  Hydrocarbon  Analyzer,  which  was  first  in¬ 
stalled  on  nuclear  submari  nes  in  the  early  1970s. 

These  mon  I  tori  ng  devi  ces  were  precu  rsors  to  a  more  soph  i  sti  cated 
yet  user-friendly  system  known  as  the  Central  Atmosphere  Measure¬ 
ment  System,  or  CAMS,  which  was  designed  under  the  auspices  of 
Fred  Saal  feld,wholeftNRLinl982assu  peri  ntendentoftheChemis 
tryDivision  and  joined  ONRwherehenow  isDeputyChief  of  Naval 
Research.  Progeny  of  the  fi  rst  CAM  S  remai  n  i  n  use  today  aboard  the 
U  n  i  ted  States'  f I  eet  of  n  ucl  ear  su  bmari  n  es 

Making  Nuclear  Tipped  MissiiesThat  Don't  Break 

A  group  of  N  RL  researchers  adept  i  n  the  mi  nuti  a  of  materi  als  sci¬ 
ence  and  engineering  also  helped  usher  in  the  age  of  nuclear  warfare 
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Thecold  real  itythat  things  break,  shatter,  corrode  rip  apart,  and  oth¬ 
erwise  disintegrate  always  has  been  a  sobering  part  of  the  human  ex- 
peri  ence  i  n  general ,  and  the  N  aval  experi  ence  i  n  parti  cul  ar.  The down- 
ing  of  the  Thresher  was  a  dramatic  reminder  of  how  terribly  wrong 
things  can  go.  Ever  si  nee  the  I  ate  1920s  when  Robert  Mehl  took  little 
medical  radium  pellets  to  Norfolkto  uncover  flawsin  enormous  ship 
castings,  NRL  has  contributed  solutions  to  the  perpetual  Naval  con¬ 
cern  about  its  assets  breaking  for  both  expected  and  unexpected  rea¬ 
sons'^® 

Consider  George  R.  Irwin,  a  materials  researchers  who  devoted 
his  NRL  careerto  the  questions  of  why  and  how  things  break.  When 
he  arri  ved  at  N  RL  as  a  graduate  fresh  from  the  U  ni  versi  ty  of  1 1 1  i  noi  s  i  n 
1937,  hej  oi  ned  the  Bal  I  i  sti  cs  Branch  of  the  M  echani  cs  Di  vi  si  on  where 
his  task  was  to  better  understand  what  makes  armor  better  or  worse 
The  branch,  one  of  several  in  the  Mechanics  Diviaon,  had  built  a 
number  of  compact  silencer-equipped  guns  that  they  used  in  their 
study  of  ballistic  impacts  on  materials  "Because  of  the  convenience 
variety,  and  speed  of  testingthus  permitted,  NRL  soon  gained  a  lead¬ 
ership  position  in  the  development  of  aircraft  and  personnel  armor, 
which  continued  through  the  Korean  War  period,"  Irwin  later  re¬ 
called."^ 

During  World  War  II,  NRL  had  focused  its  work  on  immediate 
problem  solving  rather  than  the  slower  sort  of  research  required  for 
studying  the  detailed  physical  and  chemical  mechanisms  behind  the 
strength,  brittleness,  andfracture-resistanceof  materials  In  accordance 
with  the  general  realignment  of  the  Laboratory  toward  more  basic 
research  after  thewar,  Irwin  began  turningtothetougher,  longer  term 
probi  em  of  wh  at  makes  materi  al  s  go  bad .  Th  e  most  i  mpo  rtant  of  th  ese 
known  as  "fracture  mechanics,"  reached  into  the  heart  of  an  issue 
near  and  dear  to  the  Navy  (and,  in  fact,  to  anyone  else  who  has  watched 
hopelessly  as  a  wine  glass  or  plate  fell  to  the  ground  to  end  up  in 
shattered  pieces).  To  study  fracture  mechanics  isto  study  why  things 
break.  Itisthewayto  learn  if  you  can  do  anything  about  it.  During 
Worl  d  War  1 1 ,  the  N  avy  was  remi  nded  over  and  over  agai  n  of  the  i  m- 
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portance  of  thi  s  i  ssue  as  one  after  another  after  another  of  the  wel  ded 
steel  hullsof  its2,160  Liberty  ships  cracked/®  sometimes  completely 
in  half. 

I  rwi  n  knew  that  the  roots  of  such  probi  ems  reached  deep  i  nto  the 
anatomy  of  materi  al  s.  When  he  and  hi  s  col  I  eagues  started  the  work, 
nooneeven  quite  knew  howto  articulatethequesti  on  of  what  makes 
a  materi  al  more  or  I  ess  apt  to  fracture  I  rwi  n  argued  that  a  materi  al 's 
"fracture-toughness"  ought  to  be  measured  in  terms  of  its  resistance 
to  al  I  owi  ng  smal  I ,  even  mi  croscopi  c  cracks  to  prol  i  ferate  or  grow.  Af¬ 
ter  al  I ,  as  the  Li  berty  shi  ps  proved  al  I  to  wel  I— smal  I  cracks  become 
bi  gger  cracks  that  become  bi  gger  cracks  that  become  thefractures  that 
make  thi  ngs  break  i  nto  pi  eces 

Throughout  the  1950s,  they  applied  their  increasingly  sophisti¬ 
cated  and  science-fed  intuition  in  material  fracture  to  solve  the  kinds 
of  practical  problems  that  turned  heads  Irwin  had  his  favorite  list: 
"In  chronological  order,  thesewerethedevelopment  of  stretch-tough¬ 
ened  Plexiglas™ [used  for  cockpit  canopies  among  other  thi  ngs],  the 
pressurized  fusel  age  fractures  of  the  DeH  avi  1 1  and  Comet  commerd  al 
j  et  ai  rpl  ane  [the  pi  ane  that  ushered  i  n  the  ongoi  ng  era  of  I  arge-scal  e 
j  et  travel  ],  the  sudden  fracture  of  heavy  rotati  ng  components  of  I  arge 
steam  turbi  ne  el  ectri  c  generators  and  the  hydrotest  [a  water-pressure 
en  gi  n  eeri  n  g  test]  f  ractu  res  of  th  e  u  I  trah  i  gh  stren  gth  steel  rocket  ch  am¬ 
ber  for  Pol  ari  s  [  mi  ssi  I  es] . 

The  last  of  these  had  everything  to  do  with  submarine  nuclear 
warfare  The  mi  ssi  on  of  the  Polaris  missile  was  to  sit  inside  of  bays  on 
stealthy  nu cl  ear  submari  nes  unti  I  thei  r  nuci  ear  payl  oads  were  needed 
in  the  war  to  end  all  wars— an  all-out  nuclear  war  between  theU.S. 
and  the  USSR.  To  test  welds  used  to  make  the  Polaris's  ultrahigh- 
strength  steel  rocket  chambers  engineers  filled  thechamber  with  water 
and  applied  increasing  amounts  of  pressure  In  the  autumn  of  1957, 
so  many  welds  were  failing  under  these  conditions  that  managers 
feared  the  missile  program  would  fall  behind  schedule  a  situation 
that  could  lead  to  all  kinds  of  embarrassing  political  and  military 
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repercussions  Even  those  rocket  chambers  that  passed  thehydrotests 
were  still  not  tough  enough  to  endure  the  conditions  of  an  actual 
fi  ri  ng  rocket,  I  rwi  n  recal  I  ed . 

The  mai  n  responsi  bi  I  i  ty  for  sol  vi  ng  the  potent!  al  I  y  show-stoppi  ng 
problem  fell  onto  Irwin'sshoulders  He  recruited  five  NRL  col  leagues 
and  ahandful  of  others  from  other  military  facilities  and  universities 
for  a  crash  effort  to  get  the  Pol  ari  s  program  back  on  schedul  e 

Within  months  theteam  had  discerned  the  problem  and  figured 
out  what  was  needed  to  be  done  to  correct  it.  The  problem  centered 
on  tiny  microscopic  cracks  left  behind  in  the  steel  welds  These  then 
became  starting  points  for  crack  growth  and  proliferation  under  the 
stressful  conditions  of  thehydrotests  Particularly  alarming  was  that 
these  initial  welding  flaws  could  be  so  small  that  no  known  in-situ 
inspection  technique  could  detect  them.  The  only  way  to  discover 
them,  therefore;  was  to  take  a  sample  from  the  weld  and  put  it  under 
a  mi  croscope  But  that  entai  I  ed  cutti  ng  a  hoi  e  i  n  the  very  rocket  cham¬ 
ber  that  was  supposed  to  go  i  nto  a  Pol  ari  s  mi  ssi  I  e 

Theinitial  solution,  which  was  put  into  pi  ace  at  the  end  of  1958 
at  the  Aero-Jet  Corporation  where  the  chambers  were  being  made 
was  to  grind  theweldssmooth.Thisgot  rid  of  theinitial  cracks  thereby 
removing  the  seeds  of  larger,  possibly  catastrophic  cracks  The  more 
expensive  solution,  which  came  later,  was  to  buy  more  sophisticated 
welding  equipment  with  which  Aerojet  engineers  could  better  con¬ 
trol  th  e  wel  d  i  n  g  process  to  begi  n  wi  th .  Th  ese  wel  d  i  n  g  practi  ces  segued 
ri  ght  i  nto  the  M  i  nuteman  M  i  ssi  I  e  program,  whi  ch  was  about  oneyear 
behind  the  Polaris  program. 

By  studying  the  detailed,  often  microscopic  physics  going  on  be¬ 
hind  the  scenes  of  a  material  going  sour,  Irwin  and  his  colleagues 
hel  ped  to  devel  op  a  very  basic  understand!  ng  of  materi  al  weaknesses 
and  fl  aws  wi  del  y  appi  i  cabi  e  i  n  the  N  avy  and  el  sewhere  Thei  r  profes- 
sional  peers  recognized  the  work  with  awards  as  well  asbyusingthe 
work  as  starting  points  to  delve  further  into  other  materi als-related 
fields  such  as  metal  fatigue;  stress  corrosion  cracking,  and  adhesion. 
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George  Irwin,  who  followed  his  NRL  career  by  becoming  a  pro¬ 
fessor  at  the  Uni  versify  of  Maryland,  and  his  colleagues  did  not  get 
banner  headlines  in  newspapers  Yet  their  esoteric  and  pioneering 
i  nvesti  gati  ons  i  nto  ti  ny  cracks  I  eft  marks  on  the  most  awesome  weap¬ 
onry  the  world  has  ever  seen  whiles! multaneouslypushingforward 
fundamental  knowledge  about  how  materials  work. 

So  seminal  and  I  asti  ng  were  Irwin's  influences  on  thefi  eld  of  frac¬ 
ture  mechanicsth  at  theorganizersofamaj  or  tech  n  i  cal  CO  n  f eren  ce  i  n 
the  materials  wo  rid,  known  as  th  e  ASM -TMS  Materials  Week,  saw  fit 
in  September  1997  to  convene  a  special  G.R.  Irwin  Symposium  to 
honor  Irwin  for  his  lifelong  accomplishments  In  the  symposium's 
inaugural  address,  BahktaRath,AssociateDirector  of  Research  in  NRL's 
Materials  Science  and  Component  Technology  Directorate  had  this 
to  say: 

"Professor  Irwin's  contribution  is  a  blend  of  physical  concept, 
mathematical  analysis,  and  test  procedure,  which  allow  the  re¬ 
sults  of  laboratory  tests  to  be  directly  useful  in  predicting  the  frac¬ 
ture  behavior  of  real  structures  N  ow  an  established  part  of  the 
general  discipline  of  structural  engineering.  Fracture  M  echanics 
allows  design  against  plastic  deformation.  There  is  no  other 
achievement  of  recent  decades  in  the  area  of  dedgn  procedure, 
that  we  know  of,  that  compares  with  his  contribution. 


Testing  Goes  Under^Dund  and  Other  Places 

The  i  nfrastructure  of  M  utual  I y  Assured  Destructi  on— the  heart  of 
C  0 1  d  War  Strategy  f  o  r  th  i  rty  years—  hasthousandsmorecomponents 
than  meet  the  public  eye  Missiles,  warheads,  submarines,  and  planes 
are  just  the  most  obvious  components  The  varied  career  of  David 
N  agel ,  now  super!  ntendent  of  the  Condensed  M  after  and  Radi  at!  on 
Sciences  Division,  Isa  reflection  of  that  truth. 

When  Nagel  had  first  heard  of  the  Naval  Research  Laboratory  in 
1962,  he  was  a  twenty-somethi  ng  offi  cer  fi  ni  shi  ng  a  two-year  tour  at 
sea  with  the  Navy  following  his  ROTC  experience  at  Notre  Dame 
University.  He  had  just  finished  delivering  a  nuclear  reactor  to 
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McMurdo  Station  in  Antarctica  where  it  seenned,  perhaps  ironically, 
that  nuclear  power  could  serve  as  the  environmental  answer  to  large 
and  messy  traffic  of  oil -filled  55-gallon  drums  "I  was  in  a  monsoon 
south  of  what  was  then  called  Ceylon  (now  Sri  Lanka),  when  the 
tel  etypeci  I  eked  out  a  messageon  itsyel  low  paper  sayi  ngthat  Lt.  N  agel 's 
next  duty  stati on  was  N  RL,"  N agel  recal  I s^^ 

H  e  reported  for  duty  at  N  RL  i  n  J  une  1962,  j  ust  months  before  the 
last  legal  above-ground  nuclear  tests  would  be  conducted.  Nagel'son- 
goi  ng  kal  el  doscopi  c  experi  ence  at  N  RL  represents  the  strange  and  ri  ch 
brew  churni  ng  at  the  N  av/s  corporate  I  aboratory.  Al  most  i  mmedi  atel  y 
hebegan  workingwith  NAREC,  theNaval  Research  Computer,  on  mis 
siledefense  cal  eolations  TheNAREC,  acquired,  in  part,  to  support  the 
Stump  N  eck  antenna,  was  a  mammoth  machi  ne  bui  1 1  of  thousands  of 
vacuum  tubes,  miles  of  wires  and  which  required  an  entire  branch  of 
peoplejustto  maintain  and  operateit.  It  was  one  of  the  most  power¬ 
ful  computers  on  Earth  atthetime  It  was,  in  Nagel 'swords  "a  home¬ 
made  vacuum  tube  supercomputer."  Today,  a  laptop  with  a  Pentium 
microprocessor  would  run  circles  around  it. 

The  impetus  for  the  work,  which  occupied  Nagel  for  more  than  a 
year,  was  the  Navy  Space  Surveillance  System  (NAVSPASUR),  which 
had  grown  out  of  the  NRL's  Minitrack  system  that  just  a  few  years  ear- 


The  room-sized  Naval  Research  Computer,  or  NAREC,  which  was  used 
at  NRL  from  1954  until  1972 
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lier  had  tracked  the  first  man-made  satellites  NAVSPASUR  already 
had  radar  beams  monitori  ngtheheavensfor  satel  I  itesflyi  ngover  U  .S. 
territory.  Thequesti  on  military  planners  wanted  answered  was  whether 
thesame  system  could  be  used  asa  missiledefense  warning  system. 
The  task  boiled  down  to  programming  the  computer  to  run  orbital 
mech  an  i  cs  cal  cu  I  ati  0 n s  ( th  at  can  d escri  be  th  e  traj  ecto  ry  of  su  ch  th  i  n  gs 
as  moons  and  missiles).  Programming  NAREC  and  other  computing 
machi  nes  of  its  i  I  k  i  n  the  early  1960s  however,  was  to  know  the  ma- 
chinedown  to  its  tubes  Si  nee  an  entire  night's  run  would  belostif  a 
tube  burned  out,  Nagel  often  would  sleep  at  NRL  with  a  set  of  code 
sheets  on  hand.  That  way,  if  a  tube  did  go  cold,  he  would  tell  the 
NAREC  operators  what  bi  nary  code  (a  series  of  ones  and  zeroes  rep¬ 
resented  bycertain  tubesettings)  to  reestablish  so  thecal  cul  ati  on  could 
continue 

After  his  NAREC  days  Nagel  moved  to  a  secret  antisubmarine 
warfare  program.  "The  issue  was  whether  you  could  see  on  the  sea 
surface  a  temperature  or  other  difference  due  to  the  passage  of  a  sub¬ 
merged  submari  ne"  says  N  agel .  Si  nee  the  general  i  dea  here  was  to 
detect  submarines  by  means  other  than  the  traditional  sonar  tech¬ 
nologies,  it  was  called  nonacoustic  antisubmarine  warfare  'That  is 
why  it  was  known  as 'unsound  research',"  Nagel  jokes 

Part  of  the  pro]  ect  i  nvol  ved  ai  rpl  anes  equi  pped  with  i  nfrared  scan¬ 
ners  passi  n  g  over  su  bmari  n  es  I  oo  ki  n  g  fo  r  tern  peratu  re  d  i  fferen  ces  wh  i  I  e 
a  shi  p  draggi  ng  an  array  of  temperature  sensors  woul  d  go  through  the 
submarine's  wake  Nagel's  role  in  these  exercises,  which  took  place 
off  the  coast  of  Rhode  I  si  and,  was  to  bui  I  d  an  i  nstrument  that  coul  d 
automati  cal  I  y  record  theshi  p's  headi  ng  and  rudder  movements  From 
this  data,  the  I  ocati  ons  and  ti  mes  of  the  temperature  measurements 
could  be  readily  and  carefully  documented. 

This  tack  was  reasonable  enough,  but  it  was  costly.  To  cut  down 
on  the  expense  of  these  at-sea  experi  ments  N  RL  pursued  another  route 
Nagel  wasin  on  thisone;  too.  Atwo-man  submarine  would  leaveits 
berth  i  n  An  n  apo  I  i  s  an  d  arri  ve  at  th  e  C  h  esapeake  Bay  Bri  d ge  by  e/en  i  n  g. 
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Already  there  insideof  a  boxcar-sized  laboratory  hanging  under  the 
bri  dge's  eastern  span,  was  N  agel ,  several  N  RL  col  I  eagues,  a  I  ab's  worth 
of  radar  and  infrared  instruments,  and  recording  equipment.  Nagel 
would  phone  rudder  commands  to  the  submarine  below  to  make 
sure  it  would  pass  directly  underneath  the  instruments  "I  had  a  bull 
horn  to  warn  away  other  boaters"  he  recal  Is 

The  results  were  negative  There  appeared  to  be  no  rel  i  able  ther¬ 
mal  signal  that  would  betray  the  location  of  the  submerged  subma¬ 
rine  "Whether  it  can  be  done  I  flat  don't  know,"  says  Nagel,  adding 
the  often-heard  phrase  atNRL  that  "if  I  did  know,  I  couldn'ttell  you." 
I  ndeed,  a  I  ot  of  N  RL's  i  mportant  accompi  ishments  over  the  I  ast  few 
decades remai n  classified  and  untenable 

After  narrowly  escaping  recruitment  by  Admiral  Rickover  to  be 
CO  me  a  nuclear  submarine  driver,  Nagel  shifted  gears,  joined  the  Navy 
reserves  and  began  worki  ng  as  a  ci  vi  I  i an  for  LaVerne  Bi  rks  i  n  the  X- 
ray  Optics  Branch.  If  nuclear  submarines  were  not  in  Nagel's  future 
nuclear  weapons  were  In  a  conversation  during  an  airplane  flight 
that  Bi  rks  had  with  WayneHall,  N  RL's  Associate  Director  of  Research 


NRL  researchers  conducted  submarine  detection  experiments  from  this 
gondola  laboratory  suspended  below  the  Chesapeake  Bay  Bridge. 
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forGeneral  Sciences,  Hall  suggested  to  Birksthathetakealookatthe 
nuci ear weaponstesting arena,  which  international  treat! esand  agree¬ 
ments  had  relegated  to  being  underground  after  1962. 

"I  remember  Bi  rks  corn!  ng  back  and  tal  ki  ng  i  n  hushed  tones . . . 
that  maybethere  was  someth!  ngto  do  in  that  arena,"  Nagel  recalls  At 
thetime  weaponsdesigiersattheLawrenceLivermoreand  LosAlamos 
weapons  I  aboratori  es  weredesi  gni  ng  hydrogen  bombs  that  woul  d  re¬ 
lease  more  than  half  of  their  energy  in  theform  of  X-rays  The  idea 
here  was  that  such  weapons  could  disable  Soviet  nuclear-loaded  re¬ 
entry  vehi  cl  es  by  expl  odi  ng  nearby  andsendingouta  fast-asi  I  ght  front 
of  X-rays  intense  enough  to  vaporize  the  reentry  vehicle's  skin  and 
further  damage  it  with  the  result!  ng  i  mpul  se  That  wasthetheory,  but 
the  onl  y  sure  way  to  know  if  the  weapons  worked  as  I  ntended  was  to 
measure  the  ki  nds  and  I  ntensi  ti  es  of  energy  corn!  ng  out  of  them.  "The 
assessment  of  X-ray  emi ssi on  from  nucI  ear  weapons  was  a  very,  very 
key  thing  at  that  time"  Nagel  recalls.  That's  why  the  X-ray  Optics 
Branch,  i  ncl  udi  ng  Davi  d  N  agel ,  became  regul  ars  at  the  crater-pocked 
Nevada  Test  Site 

Bi  rks,  N  agel ,  and  thei  r  col  I  eagues  dec!  ded  they  ought  to  get  a  de- 
finitive  detailed  X-ray  spectrum  from  these  weapons  as  a  baseline  for 
a  range  of  weapons  effects  studies  on  various  materials,  components, 
and  even  enti  re  reentry  vehi  cl  es  M  oney  for  each  test  came  i  n  chunks 
of  $50,000  to  $70,000  from  the  Defense  Atomic  Support  Agency, 
whi  ch  I  ater  became  the  Defense  N  ucl  ear  Agency,  whi  ch  I  ater  became 
the  Defense  Special  Weapons  Agency.  With  this  support,  Nagel  and 
colleagues  built  X-ray  measuring  equipment  that  they  hauled  to  the 
Rani  er  M  esa  i  n  Area  12  of  thetest  site  Ami  dst  thei  r  work  on  the  most 
terrible  weapons  ever  made  "we  would  look  at  mustangs  running 
wild,"  Nagel  recalls 

Once  at  the  test  site  heand  hishandful  of  col  I  eagues  would  take 
the  equipment  several  hundred  feet  underground  through  mined 
shafts  to  a  vacuum  system  that  was  20  feet  i  n  di  ameter.  X-rays  from  a 
nuci  ear  devi  ce  pi  aced  somedi  stance  away  woul  d  travel  down  vacuum 


chapter  9  -  nrl,  nuclear  fallout,  and  the  cold  war  ♦  257 


pipes  and,  thereby,  into  NRL's  measuring  instruments  After  a  shot, 
Nagel  explains,  "they  would  open  the  plug  at  the  end  of  the  tunnel 
and  we  would  don  oxygen  breathing  apparatus  suit  up  I  ike  we  were 
on  the  Moon,  and,  sometimes  in  knee-deep  water,  move  in  and  re¬ 
cover  our  equipment  usi  ngflashlights"  Therein  I  iethe  nitty-gritty  de¬ 
tail  sofa  Cold  War. 

After  an  initial  string  of  a  half-dozen  failures  Nagel  recalls  the 
team's  first  success  "We  actually  got  a  spectrum  that  was  on  scale 
quantifiable  and,  by  any  measure  a  breakthrough,"  Nagel  says.  No 
one  before  had  obtai  ned  a  fi  ne-scal  e  X-ray  spectrum  of  a  nuci  ear  ex- 
plosion.TheNRL team  was abl e to  measu re th e en ergy  an d  th e wave- 
I  engths  of  the  emitted  X-rays  so  wel  I  that  they  saw  an  unexpected  X- 
ray  I  i  ne  They  surmi  sed  i  t  was  due  to  the  presence  of  si  I  ver. 

"Wewentto  DaveHall  atLivermoreandsaid,  wethinkyourbomb 
hassilver  in  it,"  Nagel  recalls  "He  smiled.  We  never  found  out  what 
the  si  I  ver  was  for." 

About  twice  each  for  five  years,  Nagel  and  hiscolleaguesintheX- 
ray  Optics  Branch  would  intermittently  spend  weeks  at  the  Nevada 
Test  Site  Their  measurements  on  the  blasts  got  more  and  more  so¬ 
phisticated,  but  for  Nagel  the  work  was  becoming  routine  and  unin- 
teresti  ng.  For  some  i  n  the  busi  ness,  nucI  ear  weapons  testi  ng  gets  bor¬ 
ing.  So  the  N  RL  bomb-testers  gl  adl y  handed  over  thei  r  tool s  and  re- 
sponsibility  to  the  Lockheed  Palo  Alto  Research  Laboratory  and  to 
peopletheyhad  gotten  to  know  from  the  Los  Alamos  and  Livermore 
labs,  whosemissionswereofficiallycenteredon  nuci  ear  weapons  "It 
had  been  wonderful  in  its  own  way,"  recallsNagel,  but  it  was  time  to 
get  out  of  the  busi  ness 

But  Nagel  did  not  get  out  of  the  business  completely.  Although 
he  had  begun  to  expand  his  own  research  portfolio  with  more  funda¬ 
mental  physics  studies  using  some  of  NRL's  powerful  instruments  for 
probing  the  interaction  of  radiation  and  matter  (such  as  a  Van  de 
Graaff  ion  accelerator),  nuci  ear  weapons  research  began  to  touch  him 
agai  n .  Another  di  vi  si  on  i  n  the  Laboratory,  PI  asma  Physi  cs  al  so  woul  d 
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follow  up  on  the  military  conundrum  that  came  with  the  nuclear 
weapons  test  ban— answer! ng  such  questions  as  what  happens  to  a 
nuclear  warhead  when  it  isstruck  with  theX-ray  energy  from  another 
nuclear  weapon  (launched  to  intercept  the  incoming  one)  without 
being  able  to  blow  up  any  nuclear  weapons  to  help  answer  the  ques¬ 
tion. 

In  the  early  1970s,  NRL  had  built  one  of  the  leading,  high-pow¬ 
ered  neodynium  lasers  in  the  world  using  a  series  of  glass  amplifiers 
acquired  from  France  as  well  as  others  designed  at  the  Laboratory 
This  effort  took  pi  ace  earl  y  i  n  a  I  ong-term  and  ongoi  ng  commitment 
to  pi  asma  physi  cs,  whi  ch  focuses  on  the  i  nth  gui  ng  form  of  matter  i  n 
whi  ch  atom's  negati  vel y  charged  el  ectrons and  thei  r  posi  ti  vel y  charged 
nuclei  dissociate  from  one  another  to  form  a  kind  of  soup  of  elec- 
tronsand  nuclei.  PI  asmaslikethisform  when  thevast  energy  of  nuclear 
explosions  or  intense  laser  pulses  interact  with  the  atoms  and  mol- 
eculesin  the  atmosphere  or  with  nearby  liquid  and  solid  materials 

"Laser  targets  would  go  from  room  temperature  to  a  million  de¬ 
grees  on  ascaleof  nanoseconds  (billionths  of  a  second),"  Nagel  re¬ 
calls  "These  targets  were  more  than  red  hot,  more  than  white  hot, 
more  than  UV  (ultraviolet)  hot,  they  were  X-ray  hot."  So  there  was 
N  agel ,  a  member  of  a  very  good  X-ray  group  with  access  to  a  worl  d 
class  laser  that  could  produce  high  energy  plasmas,  which  emitted 
emi  nenti y  pubi  i shabi  e  X-ray  data  wi  th  a  fl  i  ck  of  a  swi  tch . 

Thesituation  went  several  ways  Onewasin  thedirection  of  basic 
research.  Since  materials  on  Earth  had  never  been  subjected  to  such 
powerful  I  aser  bl  asts,  new  results  were  practi  cal  I  y  guaranteed  j  ust  by 
putting  some  stuff  in  the  way  of  the  laser.  "We  shot  Lincoln  in  the 
templeon  a  penny  one  day  and  recorded  thespectra,"  Nagel  offers  to 
illustrate  the  kind  of  fun  the  group  was  having.  This  work  yielded 
many  papers,  including  several  that  earned  Nagel  and  his  col  leagues 
a  name  in  the  field  of  plasma  physics  (Much  of  the  success  of  these 
studies  depended  on  NRL'sLaVerneBirks  and  John  Gilfrich  of  the  X- 
ray  Optics  Branch,  who  led  a  long-term  effort  to  develop  and  im- 
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prove  a  technique  known  asX-rayfluorescence  analysis,  which  isnow 
used  around  the  worl  d  for  everyth  i  ng  from  composi ti  onal  anal  ysi  s  of 
materials  to  pollution  monitoring.) 

Th e  oth er  d i  recti  on  taken  by  th  i  s  wo rk  was  agai  n  toward  th e  n  ucl  ear 
testi  ng  arena.  Each  nuci  ear  test  i  n  N  evada  cost  taxpayers  tens  of  mi  I  - 
lions  of  dollars  And  si  nee  these  had  to  occur  underground,  it  was 
hard  to  know  how  the  results  related  to  more  strategically  relevant 
uncertainties  I  ike  what  happens  when  nuclear  explosions  go  off  just 
above  the  ground  or  high  up  in  the  atmosphere  In  lieu  of  seeking  the 
ri  ^tto  expl  odeweapons  i  n  theai  r,  the  Defense  N  ucl  ear  Agency  I  ooked 
for  alternative  sources  of  the  bomb-1  i  ke  X-rays 

Thatishow  machines  I  ike  powerful  lasers  and  electron  beam  ma¬ 
chines  that  can  si  mul  ate  the  effect  of  nucI  ear  bl  asts  on  smal  I  er  seal  es 
under  more  controlled  circumstances  came  to  dominate  NRL's  in- 
vol  vement  i  n  weaponstesti  ng  i  n  the  1970s  and  thereafter.  "The weap¬ 
ons  simulation  work  has  evolved  greatly,"  says  Nagel,  who  took  on 
his  present  job  as  head  of  the  Condensed  Matter  and  Radiation  Sci¬ 
ences  Division  in  1985. 

That  evolutionary  development  also  took  some  other  branches 
that  had  little  or  no  relevance  to  weapons  simulation  and  the  Cold 
War.  "Wewentfrom  using  pi  asmasfor  weapons  testing  work  to  using 
them  for  X-ray  I  ithography,"  or  thepatterni  ng  of  mi  croel  ectroni  c  chi  ps 
usi  ng  X-rays  i  nstead  of  the  I  onger  wavel  engths  ch  i  p  compani  es  gener- 
ally  have  used.  The  idea  here  is  that  the  shorter  X-ray  wavelengths 
enable  electrical  engineers  to  pack  more  circuitry  on  the  same  chip 
area.  That,  in  turn,  would  yield  more  powerful  microprocessors  and 
other  el  ectroni  c  devi  ces 

The  inspiration  for  Nagel  to  enter  into  such  a  project  emerged 
after  a  visit  in  1971  from  Martin  Peckerar  (now  head  of  the  Surface 
and  Interface  Sciences  Branch  in  the  Electronics  Science  and  Tech¬ 
nology  Division),  who  then  was  working  on  X-ray  lithography  at 
Westi ngho use's  Advanced  Technology  Laboratory  in  Maryland.  "It 
occurred  to  me  that  we  were  getti  ng  enough  X-rays  from  these  I  aser 
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pi  asmasto  do  exposures  not  i  n  an  hour  (as  i  n  Peckerar's  efforts) ,  but 
in  a  microsecond  or  less,"  Nagel  says.  In  time  Peckerar  and  Nagel 
patented  a  I  aser-pl  asma-based  X-ray  I  ithography  process  and  conti  n- 
ued  working  in  the  area  with  funding  from  the  Defense  Advanced 
Research  Projects  Agency.  A  laser  at  the  University  of  Rochester  even 
licensed  the  patent  and  began  developing  it  toward  commercializa¬ 
tion  until  the  company  went  broke  and  its  director  committed  sui¬ 
cide  Nagel  says.  X-ray  lithography  remains  as  one  of  the  electronics 
i ndustryscandi datenext-technol ogi esfor chip  maki ng and  I aser-based 
methods  could  become  part  of  this  future  For  Nagel  that  would  be  a 
welcome  offshoot  from  the  weapons  simulation  work  that  got  him 
i  nto  the  X-ray  I  i  thography  busi  ness  to  begi  n  wi  th . 

Make-believe  Nukes 

Weapons  simulation  work  continued  evolving  at  NRL,  of  course 
I  n  the  mi  ddl  e  of  thi  s  evol  uti  on  for  the  past  20  years  has  been  Ti  mothy 
Coffey,  NRL's  Director  of  Research  since  1982.  Born  in  Washington, 
DC,  he  earned  an  electrical  engineering  degree  at  the  Massachusetts 
Institute  of  Technology  before  receiving  a  PhD  in  physics  from  the 
University  of  Michigan  in  1967.  Hisown  research  life  became  deeply 
I  i  n  ked  wi  th  m  i  I  i  tary  research  duringhisfirstpost-schooljobatEG&G 
in  Boston.  There  he  began  workingontheantiballisticsystem  known 
as  "Safeguard."  NRL  also  had  a  hand  in  this  program,  and  it  was 
through  N  RL  contacts  at  EG&G  that  Coffey  ended  up  fi  rst  bei  ng  drawn 
toward  N  RL.^^ 

Coffey's  entry  onto  N  RL's  staff  i  n  1971  came  by  way  of  Al  an  Kol  b, 
a  pl  asma  physi  ci  st  who  had  agreed  to  createa  capabi  I  ity  i  n  the  PI  asma 
PhysicsDivisionto  take  on  the  key  part  of  the  so-cal  I  ed  h  i  gh-al  ti  tude 
nuclear  explosion  program  for  the  Defense  Atomic  Support  Agency. 
The  crux  of  the  problem  was  to  determine  what  happens  in  a  nuclear 
explosion  at  very  high  altitudes  where  military  planners  hoped  they 
coul  d  i  ntercept  i  ncomi  ng  Sovi  et  mi  ssi  I  es  Whether  such  an  ABM  sys¬ 
tem  would  work,  however,  hinged  on  whether  the  debris  from  the 
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intercepting  nuclear  weapon  or  the  enenny's  incoming  weapon  sig- 
nificantly  interacted  with  therarefied  atmosphere  at  high  altitudes  or 
the  Earth's  magnetic  field.  High  Altitude  Nuclear  Effects,  or  HAN  E,  is 
how  peopi  e  i  n  the  know  referred  to  such  phenomena. 

If  the  bomb-atmosphere  coupl  i  ng  were  strong,  then  a  I  ot  of  ultra- 
vi  ol  et  and  other  radi  ati  on  woul  d  result.  The  expand!  ng  front  of  radi  a- 
tion,  in  turn,  would  create  ionization  that  would  blind  radar  systems* 
making  it  hard  or  impossible  to  determine  if  the  intercept  attempt 
had  worked  and  if  other  mi  ssi  I  esfol  I  owed  thefi  rst.  That,  i  n  turn,  woul  d 
reduce  an  ABM  system  to  a  veritable  crapshoot. 

Although  the  high-altitude  problem  was  central  to  high-level 
nuclear  weapons  and  defense  strategy,  solvingitfell  squarely  within 
the  realm  of  fundamental  plasma  physics  It  wasthekind  of  problem 
that  fit  perfectly  within  thevison  of  a  military  corporate  laboratory 
where  the  most  basic  science  would  have  critical  consequences  for 
national  defense  After  securingfunds from  theDefenseAtomic  Sup¬ 
port  Agency  in  1967,  Kolb  was  able  to  set  up  a  plasma  physics  pro¬ 
gram  al  ong  wi  th  another  program  ai  med  at  creati  ng  X-ray  si  mul  ators 
for  testing  the  effects  of  nuclear  weapons  on  materials  and  compo¬ 
nents  of  mi  I  itary  hardware 

By  the  ti  me  Coffey  came  to  work  at  N  RL  i  n  1971  to  become  head 
of  the  Plasma  Physics  Dynamics  Branch  (under  Kolb's  Plasma  Phys¬ 
ics  Division),  Kolb  had  built  up  a  powerhouse  program  involving 
top-notch  pi  asma  physi  ci  sts  ( as  N  RL  empi  oyees,  contractors*  and  con- 
sultants)  from  around  the  country.  "I  found  myself  coming  from 
what  I  consi  dered,  as  far  as  my  i  nterests  were  concerned,  to  be  a  back¬ 
water  upin  Boston,  into  the  middleofthisexploding  area  with  lots 
of  money,"  Coffey  recal Is 

Plasma  ph^cs  at  NRL  was  not  the  only  thing  exploding  at  the 
time  Coffey  and  hisfamilyactuallyarrived  in  the  Washington  areain 
1968  just  as  some  of  the  most  violent  moments  of  the  civil  rights 
movement  were  unfol  di  ng.  "M  y  fami  I  y  fl  ew  i  nto  Wash i  ngton  j  ust  as 
the  city  was  burning  down,"  he  recal  Is 
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Although  society  was  undergoing  explosive  changes  at  theti  me 
after  1962  no  one  had  been  exploding  nuclear  weapons  in  the  at¬ 
mosphere  Coffey  knew  the  only  way  to  tackle  problems  like  the 
high-altitudenuclear  effects  problem  was  to  develop  bomb-1  ess  ex- 
peri  ments— computer  model  s and  new  hi  gh-energy  I  aboratory  tool  s 
and  experiments  that  could  somehow  serve  as  surrogates  for  the 
phenomenathat  occur  in  real  nuclear  explosions  Theresultsofthese 
approaches  coul  d  then  be  compared  with  the  I  i  mited  cache  of  data 
from  tests  up  to  thefi  nal  1962  series  of  atmospheric  bomb  tests 

Among  the  more  consequential  developments  during  Coffey's 
tenure  in  the  Plasma  Physics  Division  were  machines  capable  of 
delivering  short  pulses  of  massive  amounts  of  power  to  various  sol  id 
targets,  thereby  producing  the  kinds  of  X-rays  that  come  out  of 
nuci  ear  expl  osi  ons  Coffey  started  worki  ng  on  the  N  RL  campussoon 
after  a  second-generation,  pulsed-power  machineknown  as  Gamble 
II  was  completed  at  NRL  Gamble  II  stored  energy  slowly  but  re¬ 
leased  it  an  instant.  It  could  deliver  1  terawatt  (trillion  watts)  of 
power  several  times  a  day.  Although  that  shot  of  power  lasted  for 
onlySO  billionthsofasecond,  duringthoseinstantsitamountedto 
more  than  the  combined  electrical  power  capacity  of  the  United 
States  By  exposing  such  items  as  military  electronics  and  spacecraft 
components  to  the  radiation  produced  usingGamblell  and  its  sub¬ 
sequent  upgrade  i  n  1978,  Coffey  I  ed  N  RL  pi  asma  physi  ci  sts  to  i  m- 
provethei  r  abi  I  i  ty  to  assess  the  effects  of  nuci  ear  weapons  i  ncl  udi  ng 
thesurvivability  of  crucial  parts  of  military  machinery  in  the  event 
of  nuclear  war. 

Notonlydid  Coffey  find  himself  amongst  some  of  the  nation's 
most  talented  plasma  physicists  at  NRL,  he  also  found  himself  in 
the  mi  ddl  eof  a  pol  i  ti  cal  ly  hot  arena.  N  RL  was]  oi  ni  ng  other  govern¬ 
ment  laboratories  including  Los  Alamos,  Lawrence  Livermore;  and 
Sandiaaswell  ascontractor  laboratories,  all  of  whom  were  investi¬ 
gating  the  high-altitude  problem.  Congressional  interest  was  high. 
There  also  were  competing  camps  in  the  Department  of  Defense 
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that  either  favored  or  opposed  the  anti  bal  I  i  sti  c  mi  ssi  I  e  concept,  wh  i  ch 
was  the  basis  for  i  nterest  i  n  hi  gh-altitude  nuci  ear  effects. 

Laboratorymachines,such  asGamblell  as  well  as  powerful  lasers 
capable  of  producing  the  kinds  of  physical  effects  expected  from 
nuclear  explosions,  was  one  of  the  two  major  areas  in  which  Coffey 
immersed  himself.  The  other,  computer-based  simulation  of  nuclear 
and  atomic  processes,  provided,  in  principle  even  mo  re  versatility. 

In  the  early  1970s,  computers  were  sti  1 1  big,  lumbering,  and  ex¬ 
quisitely  si  ow  by  today's  standards  Coffey  recal  I  s  spend!  ng  pi  enty  of 
hisweekendsat  Oak  Ridge  National  Laboratory  (where  the  Abel  son- 
Gunn  isotope  enrichment  method  was  implemented  during  World 
Warn)  where  he  could  useoneof  the  nation's  most  powerful  com¬ 
puters  to  run  calculations  "I  got  into  the  business  at  this  point  of 
oversee!  ng  devel  opment  of  some  of  the  bi  ggest  computer  codes  that 
were  ever  written,"  Coffey  says  Hespearheaded  devel  opment  of  com¬ 
puter  codes  (programs)  that  could  simulate  the  complex  fluid  mo¬ 
tions  and  interactions  (along  with  electrical,  magnetic,  thermal  and 
other  accompany!  ng  effects)  that  occur  at  vari  ous  parts  of  the  atmo¬ 
sphere  during  nuclear  explosions  Si  nee  these  were  and  continue  to 
be  such  untrodden  territories,  the  work  not  only  led  to  important 
results  for  military  planners  but  also  to  more  fundamental  scientific 
understand!  ng  of  pi  asma  processes  i  n  the  Earth's  i  onosphere  Today's 
efforts  at  NRL  in  computational  science  and  techniquesforfi  elds  rang¬ 
ing  from  ship  and  submarine  design  to  flame  and  fire  dynamics  can 
trace  i  mportant  roots  to  thi  s  work. 

Coffey  made  hisfi  rst  move  up  N  RL's  management  I  adder  i  n  1975 
when  he  became  Super!  ntendent  of  the  PI  asma  Physi  csDivision.The 
move  expanded  his  responsibility  from  the  theory,  math,  and  com¬ 
puter-heavy  fi  el  d  of  model  i  ng  hi  gh-al ti  tude weapons detonati  ons  i  nto 
other  big  science  and  engineering  arenas  One  of  these  centered  on 
the  devel  opment  of  high  power  lasers  as  part  of  the  nation's  nuclear 
fusion  research  program.  "The  core  of  the  design  team  that  ultimately 
designed  the  [Lawrence  Livermore  National  Laboratory,  LLNL]  Shiva 
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and  N ova  I asers  [for  fusi  on  power  research]  came  out  of  thi s  I abora- 
tory,"  Coffey  says.  The  LLNL  program  has  been  the  flagship  U.S.  re¬ 
search  effort  in  so-called  inertial  confinement  fusi  on  in  which  banks 
of  I  aser  beams  compress  fuel  to  the  poi  nt  of  nuci  ear  fusi  on . 

In  thelatel970Sy  Coffey  found  himself  and  his  division  engaged 
i  n  a  bi  g-stakes  batti  e  wi  th  the  I  aser  fusi  on  researchers  at  LLN  L  i  ncl  ud- 
ingjohn  Emmet,  a  former  NRL  branch  head  in  the  Plasma  Physics 
Division  who  left  NRL  to  run  LLNL's  Inertial  Confinement  Fusion 
program. 

By  that  time;  the  laser  fusion  program  had  gotten  to  the  point 
whereit  would  take  as  much  as  one  billion  dollars  to  go  to  the  next 
stage;  a  high-level  decision  that  depended  on  such  arcane  issues  as 
preci  sel  y  how  I  aser  energy  coupl  esto  the  charged  parti  cl  es  i  n  a  pi  asma. 
Si  nee  NRL  was  well  known  by  then  for  its  expertise  in  such  areas,  the 
Department  of  Energy  often  I  ooked  to  N  RL  for  advi ce 

"They  real  I  y  needed  us  as  an  i  ndependent  voi  ce  on  what  was  re- 
allygoingon  so  that  the  exuberance  of  people  trying  to  sell  thenext 
biggest  laser  was  tempered  by  the  realities  of  what  the  plasma  was 
doi  ng,"  says  Coffey,  who  became  a  regul  ar  on  advi  sory  panel  s  created 
by  the  Department  of  Energy  to  help  make  the  big-money,  fateful 
decisions  inherent  to  the  inertial  confinement  laser  program.  NRL's 
role  in  revealing  fundamental  issues  important  to  the  goal  of  inertial 
confinement  fusi  on  now  continues  with  the  very  large  Department 
of  Energy-funded,  krypton-fluoride  I  aser  facility,  known  asNIKE  (af- 
tertheGreekgoddessofvictory).  NIKE'sprimaryfunction  isto  exam¬ 
ine  issues  connected  with  laser  beam  uniformity  and  avariant  of  in¬ 
ertial  confinement  fusi  on  known  as  direct  drive 

In  January  1980,  Coffey  took  another  big  step  up  the  manage¬ 
ment  ladder  by  becomi  ng  the  Associate  Director  for  the  General  Sci¬ 
ence  and  Technology  directorate  one  of  three  main  organizational 
arms  of  the  Laboratory's  research  portfol  i  o.  Less  than  two  years  I  ater, 
he  stepped  up  to  becomethe  Director  of  Research  in  charge  of  3,800 
full-time  personnel,  more  than  half  of  them  PhD  scientists  and  equiva- 
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I  ently  trained  engineers  Now  he  was  responsibiefor  the  Laboratory's 
entire  research  and  deveiopment  portfoiio,  not  mereiy  that  part  of 
the  portfoi  i  o  focused  on  nuci  ear  weapons  effects 

Red  Scares  (Or  Not)  and  Secret  Capabilities 

A  few  years  before  Coffey  took  over  the  hei  m  of  the  research  pro¬ 
gram  at  NRL,  his  predecessor,  Aian  Berman,  took  on  a  high-priority, 
dassified  project  that  he  says  amounted  to  about  as  much  fun  as  he 
ever  has  had  on  thejob. 

On  September  22, 1979,  an  aging  U.S.  surveiiiancesatdiite;  part 
of  the  Vda  nuci  ear  detection  system,  detected  what  appeared  to  be 
theopticai  signature  of  a  nudearexpiosion  i  n  the  ai  r  off  the  coast  of 
South  Afri  ca.^^  Si  nee  the  opti  cai  si  gnature  reported  by  the  Vd  a  satd  - 
iite  was  considered  ambiguous  and  the  Air  Force  did  not  detect  any 
radioactive  materiai,  the  Laboratory  was  requested  to  expioit  avaii- 
abie  geophysicai  measurements— inciuding  underwater  acoustic 
data— to  determine  the  geographic  iocation  of  the  signai's  source 
H  0  pef  u  i  i  y,  th  at  exerd  se  wo  u  i  d  so  i  ve  th  e  exi  sti  n  g  am  bi  gu  i  ti  es  Th  i  s  i  ed 
to  a  secret  investigation  headed  by  then  NRL  Director  of  Research 
Aian  Berman,  whose  background  in  underwater  acoustics  and  sur- 
vd  i  i  ance  made  hi  m  parti  cui  ari  y  suited  to  determi  ne  if  there  were  any 
corroborati  ng  acousti  c  or  other  evi  dence  of  a  bomb  bi  ast. 

"I  put  together  a  team  and  we  i  ooked  at  ai  i  evi  dence  ai  i  over  the 
worid,  inciudinghi^  ievdsofradionuciides(faiiout)  in  the  pan  creases 
of  Austraiian  sheep,"  recaiied  Berman,  who  iefttheLaboratoryin  1982, 
14  years  after  he  had  come  in  from  a  university-operated  but  Navy- 
supported  research  faciiityto  become  NRL's  fourth  director  of  research. 
"We  found  acoustic  si  gnaisthat  occurred  at  variousiocations  and  times 
that  we  had  predicted  shouid  have  occurred  ...  so  we  put  it  aii  to¬ 
gether  and  we  hypothesized  that  an  expiosion  had  happened  near 
Marion  I  si  and  and  Prince  Edward  I  si  and  [about  1,200  mi  ies  south¬ 
east  of  South  Africa],  and  si  nee  this  was  a  South  African  isiand,  the 
source  of  the  sign  ai  was  probabiy  South  African." 
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The  issue  was  politically  sensitive  "[We]  broughtthisbacktothe 
White  H  ouse  and  there  was  a  group  there  that  objected  strongly  to  it 
because  it  wasn't  the  answer  they  expected  to  hear,"  Berman  recal  led. 
Members  of  the  South  African  government  recently  vindicated  the 
conclusion  ofthereport,  Berman  says,  by  admitting  they  had  tested  a 
nuclear  weapon  on  September  22, 1979.  Berman  learned  much  later 
that  the  Presidential  Distinguished  Senior  Executive  Service  Award  he 
received  aftertheepisodewas,  in  hiswords,  "apparently a  recognition 
thattheNRL  analysis  was  correct." 

Th  i  s  was  n  ot  th  e  on  I  y  sped  al ,  h  i  gh  -pri  ori  ty  C  ol  d  War  pro]  ect  th  at 
had  fallen  onto  Berman  and  the  NRL  staff.  In  the  early  1970s,  for 
i  nstance  N  RL  became  the  center  of  a  top  secret  pro]  ect  i  n  the  arena  of 
submarine  detect!  on  that  was  so  mass!  ve  that  thebudget  of  theLabo- 
ratory  was  effectively  doubi  ed.  That  amounts  to  a  project  of  the  sev¬ 
eral  hundred  million  dollar  range  Berman  recal  Is  that  the  drama  be¬ 
gan  when  an  admiral  at  the  Pentagon  had  called  him  to  an  urgent 
meeting.  "He  went  on  to  explain  that  he  had  just  come  back  from  an 
overseas tri  p  and  somefol ks  had  shown  hi m  some remarkabi ethi  ngs 
that  nobody  understood  and  he  wanted  me  to  get  involved  immedi¬ 
ately,"  Berman  recallsin  necessarily  cagey  language 

That  began  a  period  of  two  yearsduring  which  Berman  wasdouble- 
hatted  directingNRL  and  this  massive  top  priority  project.  Research¬ 
ers  dropped  what  they  had  been  doi  ng  to  become  part  of  new  work¬ 
ing  teams  "Bui  I  dings  were  taken  over  suddenly  and  windows  disap¬ 
peared  from  buildings,"  Berman  recalls  "You  know  that  a  research 
area  is  black  when  windows  are  taken  out  and  cinder  blocks  get  put 
in." 

Berman  remembers theti me asamixof exhilaration  andthekind 
of  high  anxiety  and  stressthat  he  neverwantsto  experienceagain.  "I 
was  getting  cal  Is  from  the  White  House  on  aregular  basis,"  Berman 
recalls  Even  so,  NRL'seffortwasnotinitiallyfruitful,  Berman  admits 
ltdid  not  yield  an  understandingof  the  physics  behind  the  apparent 
new  meansof  submarinedetection  thatwasatthecenteroftheproject. 
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The  program  subsequently  left  NRL  and  became  a  "major  classi¬ 
fied  program"  that  went  on  for  many  years.  Public  knowledge  of 
whether  this  program  produced  a  new  capability  will  have  to  wait 
many  years  either  until  the  presumed  new  military  capability  is  no 
longer  cutting  edge  enough  to  remain  classified  or  until  it  is  used 
under  the  revealing  lenses  of  CNN  cameras 

Between  this  submarine  detection  project  and  the  Vela  satellite 
incident,  there  was  yet  another  high  priority  mission  that  Berman 
and  his  diverse  N RL  staff  was  asked  to  take  on.  The  mysterious  epi¬ 
sode  began  about  breakfast  ti  me  on  December  2, 1977.  That's  when 
many  resi  dents  living  near  theAtl  antic  coast  in  New  Jersey  began  hear¬ 
ing  strange  rumblings,  blasts,  booms  and  other  sounds.  Something 
about  them  seemed  bi  g,  very  bi  g.  "Sounded  I  i  ke  a  truck  hit  the  back 
of  my  house"  is  how  one  resi  dent  in  Tuckerton,  Newjersey,  described 
an  early  afternoon  boom  on  December  2.  Earlier  that  day  a  Brigan¬ 
tine  Newjersey,  man  reported  hearing  a  "very  strong  blast"  that  he 
saidshookhishouseviolentlyforthreeorfourseconds  Strange  thing: 
hewasinside  buthiswife  who  was  outside  did  not  hear  the  blast.^'^ 

This  was  not  a  case  of  people  head  ng  thi  ngs  that  were  not  there 
The  Lament  Doherty  Observatory  at  Palisades,  New  York,  for  one 
had  a  microbarograph  (asensitiveinstrument  for  measuring  changes 
i  n  ai  r  pressure)  runni  ng  on  that  same  strange  December  2  afternoon. 
At  3:04  p.m.,  it  picked  up  a  signal  so  strong  that  the  instrument's 
recording  pen  darted  to  thetop  of  the  chart  paper  where  it  stayed  for 
15  seconds  until  it  was  manually  released. 

The  "sounds"  went  on  day  after  day  I  ike  that.  Often  one  neighbor 
would  think  his  house  was  falling  down  while  a  neighbor  working 
outside  in  the  garden  next  door  sensed  nothing  unusual.  For  the  next 
month  and  ahalf,  people  as  far  north  as  Nova  Scotia  and  as  far  south 
as  Georgia  reported  similar  experiences,  though  most  of  the  reports 
came  from  resi  dents  of  the  N  ew  J  ersey  coast. 

All  the  while  the  mystery  intensified.  The  CIA,  Coast  Guard,  Air 
Force  and  Navy  all  reported  having  no  idea  of  what  could  be  causing 
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the  booms  Media  reports  included  speculation  about  the  causes  of  the 
sounds  Supersonic  aircraft,  meteor  fireballs  earth  tremors,  UFOs,  and 
unannounced  nuclear  tests  of  some  kind  were  among  the  guesses  One 
eminent  university  scientist  cl  aimed  it  was  exploding  methane  seeping 
out  of  the  ocean  bottom  and  a  precursor  to  a  major  earthquake  Given 
the  apparent  magnitude  of  the  events,  and  the  possibility  that  some 
kind  of  weapons  testing  might  beinvolved,  it  was  inevitable  that  the 
Department  of  Defense  woul d  become  i  mpl i cated. 

On  December  28,  Gerald  P.  Dinman,  the  principal  deputy  of  the 
Undersecretary  of  Defense  for  Research  and  Engineering,  circulated  a 
memorandum  about  the  events: 

"0  ver  the  past  few  weeks  considerable  interest  has  evolved  regard¬ 
ing  the  unexplained  acoustic  phenomena  which  have  occurred  off 
the  east  coast  of  the  U.5.,"  Dinman  wrote.  “The  Department  of 
Defense  has  been  ad<ed  to  investigate  these  incidents  to  try  and 
explain  their  cause  and,  if  appropriate  their  effects"^^ 

Dinman  continued: 

"Accordingly,  it  is  requested  that  the  N  avy  perform  a  short,  inten¬ 
sive  investigation  of  these  incidents  in  an  attempt  to  discover  their 
cause  It  is  suggested  that  the  N  aval  Research  Laboratory,  due  to  its 
multidisciplinary  technical  capability,  could  perform  this  function. 

Close  coordination  s/iou/d  be  maintained  with  the  Central  Intelli¬ 
gence  Agency,  as  they  have  been  tasked  to  investigate  these  inci¬ 
dents  also." 

A  week  after  Di  nman's  memorandum,  duri  ng  which  there  were  more 
acousti  c  i  nd  dents,  the  Chi  ef  of  N  aval  Research  offi ci  al  I y  charged  N  RL 
with  the  task  of  getti  ng  to  the  bottom  of  the  mystery.  And  withi  n  hours, 
N  RL  had  created  a  dozen-member  task  force  i  nd  udi  ng  Al  an  Berman, 
NRL's  director  of  research  and  himself  an  ocean  acoustics  expert.  Also 
on  the  task  force  were  experts  i  n  techni  cal  areas  I  i  kel  y  to  be  rel  evant— 
combustion  phenomena,  plasma  ph^cs,  atmospheric  dynamics,  un¬ 
dersea  acoustic  phenomena,  ocean  science  and  environmental  and 
geophysical  science  Another  ten  would  join  the  group  as  needed. 
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The  task  force  systematically  searched  every  possible  clue  that 
mi  ght  hel  p  sol  vethe  mystery.  Any  commerd  al  or  government  act!  vity 
that  could  have  generated  acoustic  energy  on  a  massive  scale  and  any 
tool  that  might  inadvertently  have  measured  such  releases  became 
prime  targets  Historical  records  and  reports  of  unexplained  noises 
also  became  research  resources  Duringtheirhistorictrekwest,  Lewis 
and  Clark  reported  hearing  loud  noises^®  while  in  the  Rocky  Moun¬ 
tains  In  the  late  Century,  multiple  observers  in  the  delta  of  the 
Ganges  River  in  India  reported  hearing  sounds  like  distant  artillery 
Half  a  century  later,  people  on  or  near  Seneca  Lake  in  upstate  New 
York,  reported  similar  "dull  booms" 

I  nteresti  ng  as  these  apparent  hi  stori  cal  precedents  were  they  di  dn't 
move  the  investigation  forward.  One  of  the  major  tactics  to  solving 
the  problem  was  to  question  all  military  and  nonmilitary  organiza¬ 
tions  that  conceivably  could  have  been  carrying  out  some  kind  of 
activity  that  lead  to  acoustic  discharges  of  the  kinds  reported.  The 
initial  round  of  such  questioning  came  up  empty.  Research  and  de¬ 
velopment  officials  of  the  Army,  Navy,  Air  Force  Defense  Nuclear 
Agency,  and  Defense  Advanced  Research  ProjectsAgencyall  ruled  out 
any  activity  with  in  their  own  domainsthat  could  be  responsible  Ditto 
for  quarry  operators  petroleum  companies  and  other  fi  rmsthat  might 
have  been  using  explosives  for  doing  geophysical,  seismic,  acoustic, 
or  other  sound-generati  ng  i  nvesti  gati  ons  at  the  ti  me  of  the  mysteri  - 
ous acoustic  events 

With  this  unani  mous  chorus  of  "it  wasn't  us,"  the  N  RL  task  force 
began  considering  a  range  of  well-known,  little-known,  and  conjec¬ 
tural  phenomena  that  could  be  responsible  Was  it  possible  that  the 
annual  additionsof  5  million  tons  of  wet  sludge  to  a  massive  sewage 
disposal  siteoutsidetheentrancetotheNewYorkHarborhad  begun 
to  release  huge  vol  umes  of  methane  i  nto  the  atmosphere  where  the 
gas  mi  ght  then  be  expl  odi  ng?  A  qui  ck  but  convi  nd  ng  study  by  N  RL's 
Chemi  stry  Di  vi  si  on  rul  ed  out  methane  Was  i  t  possi  bl  e  the  events  were 
due  to  unusual  meteors  akin  to  the  famous  1908  Tunguska  meteor 
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that  devastated  a  remote  area  of  Siberia  and  that  was  recorded  by 
sei smometers  around  the  worl  d?  Anal ysi s  of  sei smometer  data  fai  I  ed 
to  reveal  any  Earth  shocks  of  the  magnitude  consistent  with  this  hy¬ 
pothesis 

There  were  several  i  mportant  cl  ues  al  ready  in,  however.  For  one 
thing,  only  peopleinsideor  near  structures  reported  the  "sound"  or 
rumbles  That  suggested  the  events  themselves  were  infrasonic,  that 
is  low-frequency  air  vibrations  below  audible  ranges  The  audible 
sounds  peopi  e  reported  derived  from  nearby  structures  set  i  nto  mo¬ 
tion  by  the  infrasonic  energy  By  correlating  citizen  reports  of  the 
i  nfrasound  events  with  the  more  precisely  ti  med  occurrences  picked 
up  by  instruments  such  as  those  at  the  Lament  Doherty  Observatory 
and  a  network  of  other  observati  on  stati  ons  i  n  N  ew  Engl  and,  the  N  RL 
team  was  abl  eto  roughi  y  I  ocal  i  ze  a  I  i  kel  y  poi  nt  of  ori  gi  n  of  the  events 
From  these  calculations,  itseemed  the  mystery  sounds  in  Newjersey 
were  originating  many  tens  of  miles  off  the  coast  near  the  popular 
summer  retreat  of  Long  Beach  Island  in  areas  reserved  for  military 
flight  operations 

The  ti  mi  ng  of  the  events  al  so  suggested  to  the  N  RL  task  force  that 
some  sort  of  human  activity,  rather  than  some  natural  phenomena, 
wasthe  likely  culprit.  Even  with  that  logical  constraint,  there  was  as 
yet  no  smoki  ng  gun.  Thetask  force  was  ableto  conclusively  rule  out 
such  possible  causes  as  nuclear  explosions  exploding  ordnance  mis 
si  I  e  or  satel  I  i  te  I  aunches,  ci  vi  I  i  an  ai  rcraft,  sh  i  p  di  sasters,  ci  vi  I  i  an  use  of 
explosives,  and  geophysical  exploration  using  explosives 

A  break  in  the  investigation  came  when  the  task  force  revisited 
the  possi  bi  I  ity  that  hi  gh-performance  mi  I  itary  ai  rcraft  were  causi  ng 
the  mystery.  By  modifyi  ng  a  program  for  underwater  acousti  cs  cal  cu- 
I  ati  ons,  the  task  force  was  abl  e  to  show  that  the  sounds  coul  d  be  cor- 
related  with  Air  Force  and  Marine  flights  in  the  exercise  areas  More¬ 
over,  the  calculations  showed  that  during  the  periods  in  question,  a 
combination  of  temperature  inversion  in  the  atmosphere  and  high¬ 
speed  south-to-north  winds  could  create  an  acoustic  duct  that  would 
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efficiently  transport  very  low  frequencies  as  far  as  50  or  more  miles 
from  where thesounds  were  generated. 

"I  ntervi  ews  with  mi  I  i  tary  pi  I  ots  estabi  i  shed  that  they  do  not  mai  n- 
tai  n  preci  se  records  of  thei  r  peri  ods  of  supersoni  c  fl  i  ^t,"  thetask  force 
wroteinapreliminary  summary  report  of  theirinvestigati  on  in  March 
1978.  But  more  careful  analyses  of  whether  aircraft  with  supersonic 
capabi  I  iti  es  were  present  i  n  or  near  desi  gnated  trai  ni  ng  areas  off  the 
coast  of  New  Jersey  and  Charleston,  South  Carolina  at  times  of  un¬ 
ambiguous  reports  of  thesounds  reveal  ed  acorrelation  ofthe"smok- 
inggun"  variety. 

In  interviews,  pi  I  ots  flying  on  days  during  which  the  mysterious 
acoustics  had  been  detected  reported  performing  the  high-speed 
cl  i  mbs,  sharp  turns,  and  other  maneuvers  i  n  thei  r  trai  ni  ng  zones  that 
werelikelyto  havecaused  the  sonic  disturbances  "On  every  occasion 
when  significant  reports  were  made  by  residents  and  confirmed  by 
scientific  instruments,  supersonic-capability  aircraft  were  found  to  be 
operati  ng  i  n  nearby  [trai  ni  ng]  areas,"  thetask  force  conci  uded  i  n  thei  r 
final  report  of  their  investigation.  Just  as  significantly,  none  of  the 
noi  ses  was  detected  when  mi  I  itary  ai  rcraft  were  not  engaged  i  n  super¬ 
soni  c  flights  in  the  designated  areas  In  all  likelihood,  the  m^ery 
had  been  solved  with  no  UFOs  or  meteors  in  sight.  An  equally  con- 
vi  nd  ng  correl  ati  on  of  supersoni  c  Concorde  fl  i  ghts  and  ducti  ng  con- 
ditions  pinned  event  that  were  also  occurring  in  Nova  Scotia  to  a 
Concorde turni  ng-poi  nt  off  the  Nova  Scotia  coast. 

The  solutions  were  straightforward.  Changing  flight  patterns 
avoi ding  parti cul arl y  sharp  maneuvers  i n  the  western  borders  of  the 
training  zones,  and  working  around  meteorological  conditions  par¬ 
ti  cul  arly  conduci  ve  to  propagati  ng  i  nfrasoni  c  energy  from  the  super¬ 
soni  c  flight  would  diminish  or  even  put  an  end  to  the  sounds  that 
had  been  m^eri  ous  j  ust  a  few  months  earl  i  er. 

There  have  been  additional  "the-White-House-needsto-know" 
missions  given  to  NRL.  One  of  the  most  important  ones  was  to  help 
NASA  uncoverwhy  the  Mars  Observer  spacecraft,  which  in  1993  was 
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to  be  the  fi  rst  U  .S.  spacecraft  to  study  M  ars  si  nee  the  Vi  ki  ng  mi  ssi  ons 
of  the  mid-1970s,  suddenly  lost  communication  with  mission  con¬ 
trol  on  August  21, 1993. 

N  RL  Di  rector  of  Research  Ti  mothy  Coffey  I  ed  a  board  of  sci  enti  sts 
and  engineers  in  search  of  the  answer.  "We  were  challenged  to  con¬ 
duct  an  extraordinarily  complex  investigation  in  which  we  had  no 
hard  evidence  to  examine  nor  communications  with  the  spacecraft," 
Coffey  noted  when  the  board's  fi  nal  report  was  rel  eased  on  J  anuary  5, 
1994.  With  a  deficit  I  ike  that,  noabsoluteconclusion  would  belikely. 
But,  Coffey  said,  "after  an  extensive  analysis  covering  every  facet  of 
themission,  operations,  and  hardware  I  believe  that  we  are  justified 
i  n  arri  vi  ng  at  the  conci  usi  ons  we  have"^^ 

I  n  short,  the  i  nvesti  gati  on  team  conci  uded  that  the  I  oss  of  com- 
munication  with  the  spacecraft  foil  owed  a  rupture  of  a  fuel  linelead¬ 
ing  to  a  pressurized  escape  of  both  helium  and  fuel,  monomethyl 
hydrazi  ne  The  escapi  ng  gases  then  probably  propel  I  ed  thespacecraft 
into  a  spin  fast  enough  for  the  spacecraft  to  automatically  enter  a 
contingency  mode  This,  in  turn,  would  have  interrupted  stored  com¬ 
mand  sequences  programmed  to  turn  on  the  transmitter  while  pre¬ 
venting  the  spacecraft's  solar  paneisfrom  orientingthemselvesprop- 
erl  y,  I  eadi  ng  to  a  di  scharge  of  the  batteri  es 

These  and  other  fi  ndi  ngs  of  the  i  nvesti  gati  on  team  uncovered  ad- 
ditional  technical  and  managerial  vulnerabilities  'Their  work  will  help 
and  guide  us  in  formulating  a  corrective  action  plan  to  help  ensure 
future  success  as  we  pi  an  for  recover!  ng  our  M  ars  sci  ence  expl  orati  on 
objectives,"  said  Wesley  Huntress,  Jr.,  Associate  Administrator  for 
NASA's  Office  of  Space  Sci  ence  when  the  phone-book-sized  final  re¬ 
port  was  rel  eased. 

The  Flip  Side  of  the  ColdWar 

NRL's  role  in  aboveground  and  underground  nuclear  weapons 
testing,  simulation  of  nuclear  weapons  and  their  effects  with  high- 
energy  mach  i  nes  and  computers,  and  i  ntermi  ttent  i  nvesti  gati  ons  i  nto 
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mysterious  and  potentially  threatening  phenomena  were  all  reflec¬ 
tions  of  the  Laboratory's  immersion  in  the  Cold  War.  It  would  be  so 
until  the  Berlin  Wall  fell  in  1989.  Yet  the  other  side  of  the  Laboratory's 
"split"  personality,  the  part  hungry  to  learn  more  about  the  world 
simply  because  there  was  more  to  learn,  also  would  take  alternative 
paths  forward  into  the  Nuclear  Age  To  be  sure  nuclear  weapons  held 
the  highest  drama  when  itcame  to  nuclear  technology,  butitwasjust 
partof  the  enlarging  wo  rid  of  nuclear  science  and  high-energy  phys¬ 
ics  of  wh  i  ch  many  N  RL  sci  enti sts  were  determi  ned  to  remai  n  a  part. 

In  recognition  of  the  wider  implications  of  nuclear  science  and 
technology,  NRL  had  established  a  nuclear  physics  group  in  October 
1947  undertheleadership  of  Ernst  Krause  the  same  man  who  made 
sure  NRL  would  have  access  to  the  captured  V-2  rockets  A  month 
later,  thegroup  became  known  astheNucleonicsDivision.  Onecov- 
eted  portion  of  the  nuclear  technology  arena  that  NRL  had  to  acqui¬ 
esce  to  others  was  nuclear  propulsion. 

This  was  a  bitter  pill  to  swallow  since  Philip  Abelson  and  Ross 
Gunn  came  up  with  a  prel  i  mi  nary  desi  gn  for  a  nuci  ear  propel  I  ed  sub- 
marineasfarbackasl946.  But  Vice  Admiral  H.G.  Rickover,  head  of 
the  Bureau  of  Ships,  had  successfully  maneuvered  within  the  newly 
formed  Atomic  Energy  Commission  to  win  control  of  the  engineer- 
i  ng  and  devel  opment  of  nucI  ear-powered  submari  nes,  the  possi  bi  I  ity 
of  which  was  first  outlined  in  a  classified  NRL  report  by  Abelson, 
Gunn,  and  several  colleagues^®  In  retrospect,  elders  of  the  Laboratory 
rate  thedeci  Sion  as  a  correct  one  si  nee  a  nuci  ear  propulsion  program 
would  haveirreparablydeflectedtheLaboratoryfrom  its  broad-based 
mission. 

With  bomb  testing  already  part  of  the  Laboratory's  fabric,  and 
nuclear  propulsion  lefttoothers  NRL  researchers  turned  to  the  thou¬ 
sands  of  other  avenues  of  nuclear  and  high-energy  ph^cs,  most  no¬ 
tably  the  acceleration  and  use  of  particles  I  ike  electrons  and  protons 
for  studying  and  altering  materials®®  During  WWII,  the  Laboratory 
already  had  gotten  its  hand  into  the  world  of  accelerators  when  it 
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built  a  20  MeV  (million  electron  volt)  Betatron.  This  was  a  machine 
that  coul  d  accel erate  el  ectrons  up  to  energi  es suffi  ci ent  to  produce X- 
rays,  wh i  ch  N  RL  researchers  put  to  use  I  argel  y  for  anal yzi  ng  the  i  nte- 
ri  ors  of  metal  components  i  ncl  udi  ng  foundry  casti  ngs  and  hi  gh-ex- 
plosiveshells  In  its  major  role  in  testing  materials  without  having  to 
destroy  thesampi  es,  theBdtatron  was  i  n  di  rect  I  i  neagewith  thegamma- 
rayradiographytechnique  pioneered  by  Robert  Mehl  in  the  early  days 
of  N  RL's  M  etal  I  urgy  D  i  vi  si  on .  1 1  had  the  advantage  however,  of  bei  ng 
abl  e  to  reveal  smal  I  er  defects  The  Betatron  went  on-l  i  ne  for  the  fi  rst 
time  in  early  1945. 

In  1952,  theNucleonicsDivision  began  assembling  another  type 
of  accelerator— a  Van  deGraaff  machine— that  could  accelerate  posi¬ 
tively  charged  nuclear  particles  such  as  protons  (the  nucleus  of  a  hy¬ 
drogen  atom)  and  the  nuclei  of  heavier  atoms  A  30-foot  long  pres¬ 
surized  tank  filled  with  electrically  insulating  gases  surrounded  the 
large  half-ton  accelerating  terminal.  To  housethe  accelerator  and  the 
control  room  along  with  the  electrical  and  other  equipment  needed 
to  operate  it,  the  Laboratory  built  an  entirely  new  building  with  a 
cavernous  i  nteri  or.  By  1954,  the  new  accel  erator  was  accel  erati  ng  pro¬ 
tons  up  to  5.5  MeV,  enough  for  them  to  penetrate  atomic  nuclei  in 
dime-sized  targets  of  materials  such  as  aluminum  foil  or  to  knock 
neutrons  out  of  target  atoms  The  neutrons,  in  turn,  became  probes 
for  examining  the  detailed  internal  anatomy  of  materials 

The  Van  de  Graaff's  initial  workload  focused  on  basic  measure¬ 
ments  on  a  large  variety  of  particle-bombarded  nuclei  to  determine 
and  quantify  the  kinds  of  nuclear  reactions  in  which  different  ele¬ 
ments  parti  ci  pate  But  the  accel  erator's  abi  I  ity  to  produce  a  range  of 
charged  particles  meant  that  it  could  produce  emanations  similar  to 
those  that  satel  I  iteborne  i  nstruments  mi  ght  be  expected  to  encoun¬ 
ter.  The  Van  de  Graaff  could  serve  as  surrogate  to  cosmic  sources  of 
particles  and  thereby  help  to  calibratesophisticated  detectors  intended 
for  duty  in  space  Moreover,  si  nee  charged  particles  from  the  accel  era- 
tor  cannot  get  through  morethan  the  surface  region  of  materials,  the 
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This  double-exposure  of  the  NRL  5-M  eVVan  de  Graaff  accelerator  shows 
the  accelerator  component  normally  hidden  within  the  Instrument's  steel 
pressure  chamber. 


accelerator  also  became  an  important  tool  for  studying  surfaces  By 
bombarding  surfaces  with  particles  of  specific  energies,  it  became 
possibleto  detect  specific  contaminants  or  ultrathin  coatings  on  sur¬ 
faces  by  anal  yzi  ng  thetypesof  radi  ati  on  that  emerged  oncethesampi  es 
were  irradiated.  These  kinds  of  studies  can  help  uncover  how  and 
why  material  sage  fatigue;  and  wear. 

By  the  late  1950s,  the  hunger  for  more  powerful,  higher  energy 
machi  nes  began  to  have  its  effects  The  Betatron,  N  RL's  el  ectron  accel  - 
erator,  already  was  heading  toward  obsolescence  At  5:15  p.m.  on 
June  27, 1963,  the  Laboratory's  next  generation  electron  accelerator, 
the  Linac,  yielded  its  first  beam  of  electrons  which  smacked  into  a 
copper  target,  causi  ng  it  to  become  radioactive  Li  ke  its  predecessor, 
researchers  put  the  Linac  to  use  for  such  jobs  as  calibrating  space 
i  ntended  detectors  by  exd  ti  ng  el  ementsto  energy  I  evel  s  at  whi  ch  they 
would  emit  radiation  previously  produced  only  in  cosmic  sources 
Anothertypeof  study  relied  on  the  Li nac's  ability  to  induce  specific 
radiation  responses  in  the  elements  of  samples,  thereby  enabling 
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chemists  and  materials  scientists  to  make  precise  analyses  of  the 
samples' chemical  composition. 

Another  foray  into  "Big  Physics"  was  a  circular  cyclotron  able  to 
accelerate  positively  charged  protons,  or  larger  nuclear  particles,  up  to 
75  MeV.  It,  too,  needed  its  own  new  building,  which  was  erected  with¬ 
out  wi  ndows  on  the  south  end  of  Bol  I  i  ng  Ai  r  Force  Base  N  RL's  i  mme- 
di  ate  northern  neighbor.  In  the  basement  of  the  bull  ding  went  a  250- 
ton  accelerati  ng  magndt  housed  within  a  massive  vault  isolated  by  thick 
concrete  wall  sand  enormous  steel  doors  Another  80-ton  magnet  ex¬ 
tracted  on  I  y  those  types  of  parti  cl  es  a  researcher  wanted  for  a  parti  cu- 
lar  experiment.  Thebuilding  housed  additional  equipmentfortrans- 
po  rti  n  g  th  e  resu  I  ti  n  g  f i  I  tered  beam  fro  m  th  e  cycl  otro  n  to  experi  mental 
stationsandan  electronics-filled  control  room.  Bythetimeitwasdedi- 
cated  in  March  1967,  thecostof  thefacility  was$5.5  million. 

Most  cyclotron  work  centered  on  studiesof  thestructuresand  prop- 
erti  es  and  materi  al  s,  but  i  n  thefal  I  of  1973,  a  tri  ckl  e  of  cancer  pati  ents 
began  enter! ngthewindowl ess buildingforradiotherapy.Theidea  here 
was  to  locally  inject  tumor-killing  radiation  where  it  was  needed  by 
carefully  aligning  the  tumors  with  a  neutron  beam  created  with  the 
cyclotron.  Thisprogram  eventually  was  transferred  to  civilian  hospital 
settings  The  cyclotron  closed  down  in  the  mid-1980s  Its  bull  ding  now 
housesthe Naval  CenterforApplied  Research  in  Artificial  Intelligence 
which  reflects  the  general  trend  toward  computational  tools  and  in¬ 
formation  technology. 

Perhaps  the  single  most  amazing  part  of  NRL's  plunge  into  the 
realmof  nuclearsciencewasto  land  its  very  own  nuclear  reactorwithin 
sight  of  the  nation's  capitol.  On  April  7,  1954,  the  day  after  the  De¬ 
fense  Department  asked  Congress  for  the  authority  to  bui  Id  the  reac¬ 
tor  at  N  RL,  the  Washington  Post  and  Times  H  eraid  ran  a  front  page  I  ead 
story  with  the  headline  "ATOM  REACTOR  ASKED  HERE." 

Given  the  audacity  of  the  idea,  it  is  no  surprise  that  Ernst  Krause 
agai  n  was  a  key  fi  gure  i  n  getti  ng  the  i  dea  through  the  powers  that  were 
Of  course  it  was  only  natural  for  a  research  division  known  as  the 
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N  ucl  eoni  C5  Di  vi  si  on  to  want  a  reactor.  "But  it  was  unheard  of  to  pi  ace 
such  a  machinein  a  populated  area,  especially  Washington,  so  near 
the  nation's  capital,"  Krause  recalled  in  a  1982  interview  with  histo¬ 
rian  David  DeVorkin.®^  Nevertheless,  Krause  and  his  associates  were 
ableto  convincetheAtomic  Energy  Safety  Committee  and  its  famous 
chairman  EdwardTeller(fatherofthehydrogen  bomb),  that  NRL  could 
bui  I  d  and  operate  a  safe  nuci  ear  reactor. 

A  Congressional  appropriation  of  $996,000  for  the  Washington, 
DC  area's  first  nuclear  reactor  came  through  in  the  summer  of  1954. 
Construction  of  the  "swimming  pool"  reactor  began  in  mid-1955.  In 
this  design,  the  reactor  rests  with  in  a  150,000  gal  I  on  pool  about  40  ft 
long  by  26  ft  wide  by  20V2  feet  deep.  On  September  15,  1956,  the 
Atom!  c  Energy  Commi  ssi  on  granted  N  RL  a  I  i  cense  to  operate  the  fa- 
cilityatan  initial  level  of  100  kilowatts  Two  days  later,  the  first  chain 
reaction  of  nuclear  disintegrations  began  to  occur  in  thesmall  reac¬ 
tor. 
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In  hisjanuaryl7, 1957  speech  dedicatingthe new  reactor,  Charles 
S.  Thomas,  Secretary  of  the  Navy,  told  his  audience  what  to  expect 
from  the  new  reactor: 

"There  is  no  way  of  predicting  what  we  wiii  iearn,  but  it  wiii  be 
used  to  study  the  structure  of  matter  inciuding  such  practicai 
appii cations  as  the  structure  of  new  aiioys  it  wiii  be  used  to  cre¬ 
ate  and  study  new  substances,  to  make  chemicais  radioactive  for 
direct  study  and  to  produce  chemicai  and  bioiogicai  changes  in 
the  reactor,  radiation  effects  upon  materiais  of  aii  kinds—  pias- 
tics  metais  cabie  coverings  transstors,  and  eiectronic  compo¬ 
nents—  wiii  be  studied.  Shieiding  probiems  appii  cabie  to  propui- 
sion  wiii  be  investigated.  Some  day,  this  research  may  iead  to 
nuciear  power  for  trains  and  pianes  Aii  of  this  knowiedge  wiii 
iead  to  quicker  deveiopment  of  atomic  power  for  peace  and  in¬ 
dustry. 

Ten  years  later,  in  1966,  there  would  be  seven  research  reactors  in 
operation  around  Washington,  DC,  including  NRL's  reactor,  which 


The  core  assembiy  of 
NRL's  research  nuciear 
reactor,  which  first  hosted 
chain  reactions  in  1956, 
is  shown  suspended  in 
a  pooi  of  shielding  water. 
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bythen  was  operati  ng  at  1  megawatt.  But  an  hour's  drive  north  at  the 
National  Bureau  of  Standards  in  Gaithersburg,  Maryland  (now  called 
the  N  ati  onal  I  nstitute  of  Standards  and  Technol  ogy) ,  a  more  power¬ 
ful  10  megawatt  research  reactor  had  begun  operating.  Like  the  NRL 
reactor,  neutrons  generated  from  the  nuclear  reactions  inside  of  the 
reactors  CO  re  served  as  powerful  analytical  probesfordeterminingthe 
internal  and  surface  anatomies  of  all  manners  of  samples 

The  great  i  rony  of  nuci  ear  physi  cs  i  sthat  i  ts  atom!  c  and  subatomi  c 
objects  of  study  are  superl  ati  velydiminutive;  yetits  research  toolsare 
about  as  bi  g  and  expen  si  ve  as  sci  entifi  c  i  nstruments  get.  1 1  i  s  true  that 
N  RL's  nucI  ear  physi  cs  faci  I  iti  es  hel  ped  mai  ntai  n  a  base  of  expert!  se  i  n 
an  area  of  physicsthat  NRL  would  not  have  had  otherwise  butinthe 
1970s  NRL  aimed  to  broaden  its  research  efforts  One  way  to  realize 
that  goal  was  to  leave  much  ofthebigand  expensive  physics  of  nuclear 
science  to  others  who  wished  to  specialize  in  that  capital-intensive 
field.  Onjune20, 1970,  NRL  shut  down  itshistoric  reactor.  Thedeac- 
tivated  and  decontaminated  swimming  pool  reactor  now  has  a  sub¬ 
merged  bed  of  sand  that  the  Physi  cal  Acoustics  Branch  uses  to  inves- 
ti  gate  such  thi  ngs  as  the  chal  I  enges  of  detect!  ng  muni  ti  ons  buri  ed  i  n 
shal  I  ow  waters  where  the  N  avy  expects  near-future  confl  i  cts  are  most 
likely  to  unfold. 

The  Nuclear  Age  the  Cold  War,  and  NRL  all  co-evolved.  It  has 
been  an  era  marked  by  an  astounding  quickening  and  diversification 
in  the  realms  of  science  and  technology  in  general.  In  the  past  few 
decades,  the  increasingly  important  roles  of  microelectronics  tech¬ 
nology,  information,  computational  tools  and  techniques,  new  and 
more  capable  materials,  global  and  local  communication,  and  local 
and  gl  obal  sens!  ng  and  survei  1 1  ance  al  I  have  become  apparent  I  n  the 
overall  portfolio  of  N RL's  expertise  and  research  organization.  Tools 
for  analyzing,  manipulating,  and  simulating  the  world  as  it  unfolds 
on  atomic  or  cosmic  scales  and  during  time  intervals  as  small  astril- 
1 1  onths  of  a  second  or  as  grand  as  bi  1 1  i  ons  of  years,  have  become  i  n- 
creasingly  more  powerful,  sophisticated,  and  revealing. 
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All  of  this  scientific  and  technological  evolution  has  pushed  the 
envelopeofNRL's  more  historically  rooted  disciplines  such  as  chem¬ 
istry  and  optics  It  also  has  opened  up  entirely  new  fields  such  as 
information  technology  and  biomolecular  engineering.  And  that  is 
j  ust  the  poi  nt  of  the  N  aval  Research  Laboratory— to  have  the  peopi  e 
and  resources  required  for  going  further  and  deep  into  known  terri¬ 
tory  or  for  pi  oneeri  ng  i  nto  the  unknown. 


NRL  reactor  log  with  entry  under  September  17,1 956,  indicating 
the  reactor's  first  operation  at  "criticality,"  or  under  conditions 
allowing  sustained  chain  reactions  to  occur 
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From  a  Golden  Era 
to  Reality  Checks 


To  watch  NRL's  changing  organizational  charts  si  nee  the  end  of 
World  War  1 1  through  the  Cold  War  and  onward  to  the  present  mo¬ 
ment  is  to  see  a  large  research  organization  navi  gating  the  interacting 
tides  of  science  technology,  public  opinion,  and  politics  Organiza¬ 
tional  and  administrative  changes  have  occurred  ateverylevel  of  the 
Laboratory  from  the  top  leadership  downward.  New  research  direc¬ 
torates  divisions  within  directorates,  branches  within  divisions  and 
sections  within  branches  have  never  stopped  emerging,  coalescing, 
getti  ng  renamed  or  reoriented,  or  disappear!  ng  altogether.^ 

TheNucleonicsDivision,  for  one  was  created  after  World  War  II 
as  fall  out  from  the  nascent  Nuclear  Age  in  which  nuclear  weaponry 
and  other  technical  areas  specific  to  nuclear-based  phenomena  and 
technol  ogi  es  woul  d  become chroni  cal  I  y  i  mportant.  A  quarter-century 
later,  the  division  would  disappear  as  an  identifiable  entity  as  its  com¬ 
ponents  morphed  into  new  divisions,  such  as  Plasma  Physics  and 
Radiation  Science 

The  previouslysingular  Radio  Division  split  into  three  divisions, 
each  focusing  on  different  territories  of  a  field  that  diversified  and 
speciated  atadizzying  pace  during  and  after  World  War  II.  This  tri¬ 
partite  division  covered  traditional  areas  such  as  vacuum  tube  and 
antenna  research,  areas  that  came  to  the  fore  during  World  War  II 
such  as  search  radar  and  countermeasures,  and  nontraditional  areas 
including  psychology. 
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TheSolid  StateDivision  came  to  bein  1954,  partlyin  response  to 
theinvention  of  the  transistor  by  three  physicists  at  Bel  I  Laboratories 
in  late  1947.  Interestingly,  Bernard  Salisbury,  a  vacuum  tube  designer 
atNRL,  had  gotten  close  enough  bythesummerof  1948  to  inventing 
thetransistorthattheNavy  initially  wanted  to  share  credit  with  Bell 
Laboratories  for  what  has  become  one  of  this  century's  most  i  mpor- 
tant  i  nventi ons  After  a  meeti  ng  at  N  RL  with  a  conti  ngent  of  manag¬ 
ers  and  scientists  from  Bell,  however,  the  Navy  withdrew  its  claim. 
Salisbury  was  on  the  right  track,  buthehad  not  yet  observed  transis¬ 
tor-1  i  ke  behavi  or  i  n  hi s  gol d-coated  copper-oxi  de  gadget.^ 

Some  of  the  organizational  changes  have  been  less  concrete  I  n 
1954,  N  RL's  rocket-based  sci  enceand  technol  ogy  programs  and  weap¬ 
ons  testi  ng  efforts  reveal  ed  how  compi  ex  N  RL's  tasks  were  becomi  ng. 
To  anticipate  a  growing  need  to  handle  such  programs,  the  Labora¬ 
tory  created  theshort-lived  Applications  Research  Division.  Its  maiden 
branches  in  Data  Processing,  Engineering  Psychology,  Operational 
Research,  and  Systems  Analysis  reflected  the  multidisciplinary  needs 
to  makemodern  technology— and  its  ever  larger  systems  such  as  rock¬ 
ets  and  atomi  c  weaponry— work.  Some  of  these  efforts  merged  with 
others  to  become  the  Laboratory's  present  day  I  nformation  Technol¬ 
ogy  Division,  which  has  I  inks  virtually  everywhere  now  that  comput¬ 
ers  and  simulation  tools  have  become  ubiquitous  in  all  phases  of 
Naval  operations  and  research. 

One  of  the  more  fundamental  organizational  changessi  nee  World 
War  1 1  happened  i  n  1949  when  the  Laboratory  i  naugu rated  the  offi  ce 
of  the  Director  of  Research  to  be  held  by  a  civilian  scientist.  With  a 
civilian  atthehead  of  N  RL's  technical  program,  N  RL's  post-WWI  I  se¬ 
nior  scientists  felt  it  would  be  easier  to  attract  and  keepthehigh  qual¬ 
ity  recruits  they  wanted.  The  fi  rst  three  di  rectors  of  research  up  unti  I 
1967  were  all  home-grown.  They  had  come  up  from  the  ranks  to  run 
the  Laboratory  during  what  many  consider  to  be  a  golden  era  for 
American  science  when  money  came  easily  and  public  support  was 
high. 
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Thefirst  director  of  research,  Edward  0.  Hulburt,  was  apropos  for 
the  Laboratory's  renewed  vi  si  on  of  itself  as  a  university-1  i  ke  workpl  ace 
What's  more  theacademi  c  and  genti  emani  y  H  ul  hurt  al  ways  had  cham- 
pi  oned  theway  ri  gorousfundamental  sci  encecan  fi  nd  i  mportant  N  aval 
applications  Heserved  until  1956  when  Oscar  Marzke  then  Associ¬ 
ate  Di  rector  for  M  ateri  al  s,  took  over  the  di  rectorshi  p  for  a  short  ti  me 
during  1956  and  1957,  beforeleavingNRLto  become  Vice  President 
of  Fundamental  Research  at  U.S.  Steel.  The  third  director  of  research 
was  Robert  Page  whose  ambition  and  engineering  expertise  hastened 
thecreation  oftheUnited  States' first  Naval  radar  ^ems  in  the  1930s 
and  during  World  War  II.  Page  served  until  1967,  by  which  time  the 
Laboratory  was  desti  ned  to  transform  al  ong  with  the  rest  of  sod  ety. 

Another  I  argescal  e  and  I  asti  ng  change  i  n  the  Laboratory  occurred 
in  1953  under  Hul hurt's  watch.  The  Laboratory's  13  divisions  were 
divided  amongst  three  new,  broader  categories— Electronics,  Materi¬ 
als,  and  Nucleonics  Each  of  these  larger  organizational  units,  now 
called  directorates,  gotitsown  associate  director  of  research.  That  way, 
the  civilian  director  of  research  would  not  have  the  unwieldy  and 
perhaps  overl  y  chal  I  engi  ng  requi  rement  of  bei  ng  di  recti y  responsi  bl  e 
for  so  many  different  research  programs 

The  director  of  research  and  associate  directors,  who  became 
known  as  "the  archangels"  sit  at  desks  along  "Mahogany  Row"— the 
series  of  paneled  officesin  Building  43.  Thislayer  of  upper-manage¬ 
ment,  in  their  role  as  the  Research  Advisory  Council,  or  RAC  (and 
known  insideNRL  as"TheRack")  has  became  an  important  conduit 
of  information  and  advice  for  the  Laboratory's  director  of  research 
and  commandi  ng  offi  cer  i  n  thej  ob  of  setti  ngthe  Laboratory's  research 
agenda.  One  way  the  RAC  serves  this  role  is  through  a  key  annual 
ritual.  Laboratory  researchers  vyingfor  a  portion  of  the  so-called  "6.1" 
and  "6.2"  money  (earmarked  for  basic  and  applied  research,  respec¬ 
tively)  that  comesto  NRL  each  year  from  the  Office  of  Naval  Research 
paradeto  Bui  I  ding  43  with  handouts*  viewgraphs  and  other  support- 
i  ng  materi  als  There  they  argue  thei  r  case  before  the  RAC.  Larger  is- 
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sues  and  longer-term  strategic  planning  are  more  likely  to  occur  at 
the  "RAC  retreat,"  a  several  day  think  tank  session  convened  early 
each  year. 

Thecreati  on  of  theci  vi  I  i  an  di  rectorshi  p  of  research  at  N  RL  i  n  1948 
hel  ped  to  boost  the  Laboratory's  abi  I  ity  to  respond  to  the  i  ncreasi  ng 
compi  exity  and  magnitude  of  the  N  av/s  R&D  program.  The  creati  on 
of  this  office  in  no  way  diminished  the  responsibilities  of  the 
Laboratory's  military  Director,  who  maintained  authority  over  the 
operation  of  the  Laboratory.  However,  ambiguities  about  the  respec- 
ti  ve  authori  ty  of  the  Laboratory's  two  top  offi  ces  someti  mes  arose  So 
in  1977,  theNRL  Director  was  redesignated  as  the  Commanding  Of¬ 
ficer.  And  a  year  later,  the  Laboratory's  civilian  Director  of  Research 
and  Commanding  Officer  began  operating  within  an  official  frame¬ 
work  of  joint  executive  management  within  a  single  administrative 
unit.  It  has  been  that  way  ever  si  nee  Whi I ethe Commanding  Officer 
remainsthefinal  authority  over  all  internal  matters,  he  and  the  Direc¬ 
tor  of  Research  jointly  pi  an  and  manage  all  aspects  of  the  Laboratory. 

In  its  present  configuration,  the  Laboratory  has  three  technical 
directorates— Systems,  Materials  Science  and  Component  Technology, 
and  Ocean  and  Atmospheric  Science  and  Technology,  as  well  as  the 
Naval  Centerfor  Space  Technology  (NCST),  which  is  not  officially  a 
directorate  unto  itself  yet  functions  somewhat  I  ike  one  There  also  is 
an  administrative  directorate  called  the  Executive  Directorate  and  a 
Busi  ness  0  perati  ons  D  i  rectorate  whose  col  I  ecti  ve  di  vi  si  ons  cover  such 
functions  as  financial  management,  contracts*  and  supply. 

Each  research  directoratehasitsevolutionaryhistory sketched  out 
inthechangingorganizational  charts  In  1966,  for  example  the  Nude 
onics  Directorate  morphed  into  a  directorate  cal  led  Research  ForGen- 
eral  Sciences  It  subsumed  most  of  what  was  covered  in  the  former 
directoratewhileaddingan  Ocean  Science  and  EngineeringDivision, 
including  the  Deep  Sea  Research  Branch  that  became  so  busy  with 
search  and  rescue  operations  The  new  directorate  also  included  the 
Plasma  Physics  Division,  whose  birth  derived  largely  from  the  global 
ban  on  above-ground  nuclear  tests  in  1962.  Timothy  Coffey,  the 
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Laboratory's  present  di  rector  of  research,  woul  d  get  hi  sstart  at  N  RL  as 
a  contract  empl  oyee  i  n  thi  s  di  visi  on  i  n  the  I  ate  1960s  The  creati  on  of 
the  Ocean  Sciences  and  Engineering  Division  within  this  new  direc¬ 
torate  reflected  the  Navy's  ever  growing  need  to  understand  every¬ 
thing  it  could  about  the  world's  oceans  which  to  many  had  become 
the  Col  d  War's  most  strategi  c  venue  After  al  I ,  it  i  s  i  n  the  oceans  that 
the  superpowers'  most  crediblethreat  and  deterrent,  nuclear  subma¬ 
rines  carrying  nuclear  warheads  prowled. 

That  ocean!  c  research  trend  conti  nued  thefol  I  owi  ngyear,  i  n  1967, 
when  the  Laboratory  expanded  the  Ocean  Science  and  Engineering 
Division  to  become  a  new,  strangely  named  fourth  directorate— Re¬ 
search  For  Oceanology,  a  name  that  connoted  a  larger  sphere  of  top¬ 
ics  than  a  more  traditional  term  I  ike  oceanography  might  have  The 
present-day  Ocean  and  Atmospheric  Science  and  Technology  Direc¬ 
torate  evolved,  in  part,  from  this  directorate 

The  year  the  Research  for  Oceanology  Directorate  was  born,  1967, 
was  a  turning  point  for  NRL.  It  falls  squarely  within  a  transitional 
period  from  the  "Golden  Era"  ofscience  which  Hulburt,  Marzke  and 
Page  enjoyed  when  they  were  the  Laboratory's  research  directors  It 
was  an  era  when  publicsupport  for  science  was  extremely  high.  With 
such  marvels  as  the  atomic  bomb,  radar,  proximity  fuzes,  nylon,  syn¬ 
thetic  rubber,  and  antibiotics,  Americans  saw  science  as  the  key  to 
winning  wars  and  improvingthequalityof  life.  It  was  worthy  of  their 
support  and  tax  dol  I  ars. 

The  Cold  War,  the  Korean  War,  the  nuclear  arms  race  and  the 
Sovi et  I aunch  of  the  Sputni  k  satel I  ites  al  I  in] ected  a  sense  of  urgency 
in  theAmerican  mindset  about  the  need  to  nurture  and  promotedo- 
mestic  science  and  technology.  Much  of  the  enormous  R&D  infra¬ 
structure  that  was  constructed  duri  ng  Worl  d  War  1 1  to  tacki  e  specifi  c 
technical  problems,  such  as  the  proximity  fuze  and  radar,  remained 
in  place  Funding  came  from  the  Department  of  Defense  which  was 
created  i  n  1947  i  n  the  N  ati  onal  Security  Act,  or  I  ater  from  the  Depart¬ 
ment  of  Energy.  Even  in  1950,  when  Congress  established  the  Na¬ 
tional  ScienceFoundation  to  support  science  in  universities,  national 
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security  was  the  pri  mary  rationale  for  its  estabi  ishment.  Thefol  low- 
i  ng  two  years  saw  the  creati  on  of  the  Army  Research  Offi  ce  and  the  Ai  r 
ForceOfficeof  Scientific  Research,  both  of  them  modeled  at  least  in 
partontheOfficeof  Naval  Research,  which  Congress  created  in  1946.^ 
With  funding  agencies  for  scientific  research  proliferating  and 
funds  aval  I  able  for  the  new  agencies  to  distribute  times  were  good 
for  research.  M  oreover,  it  was  the  mi  I  itary  sector  that  pretty  wel  I  set 
the  overal  I  agenda.  Throughout  the  1950s,  an  average  of  81%  of  over- 
all  Federal  research  and  developmentfunding camefromthemilitary 
sector.  With  the  passing  of  the  National  Defense  Education  Act  in 
1958,  thesameyear  NASA  and  theAdvanced  Research  Projects  Agency 
(now  DARPA)  were  established,  qualified  students  were  assured  ac¬ 
cess  to  a  col  lege  educati  on.  TheSputni  k  satel  I  ites  spurred  Congress  to 
more  than  double  Federal  outlays  for  research  and  development  be¬ 
tween  1958  and  1965.  The  prevailing  attitude  on  the  street  and  in 
Congress  was  that  whatever  was  good  for  science  would  be  also  good 
for  the  country.  M  ore  than  that,  there  was  some  sense  that  nati  onal 
prestige  even  national  survival,  depended  upon  preeminence  in  sci¬ 
ence  now  that  the  Soviet  Union  had  proven  itself  capable  of  such 
feats  as  bui  Idi  ng  nuci  ear  weapons  and  putti  ng  satel  I  ites  i  nto  orbit. 

It  was  a  fi  neti  me  to  be  runni  ng  a  sci  enceand  technol  ogy  research 
fad  I  i  ty  I  i  ke  N  RL.  0 1  d-ti  mers  I  i  ke  Loui  s  D  rummdter  and  FI  omer  Carhart 
now  recal  I  it  as  a  period  when  rank-and-fi  le  researchers  never  had  to 
worry  about  money.  For  any  reasonabi  e  pro]  ect,  the  money]  ust  seemed 
to  be  there  Says  Carhart:  "We  didn't  worry  about  money.  We'djustgo 
and  say,  'hey,  we're  goi  ng  to  work  on  this'  and  salaries  got  paid  and 
we  did  things  as  needed.  It  was  quite  effective"^ 

Thenew  era  marked  by  Alan  Berman's  arrival  would  constitutea 
real  i  ty  check.  The  honeymoon  of  pubi  i  c  support  for  sci  ence  and  tech¬ 
nol  ogy,  and  thealmost  carte  blanche  attitude  when  it  came  to  fund¬ 
ing,  would  begin  ending  in  the  mid-1960s  during  the  escalation  of 
theU.S.  involvement  in  the  Vietnam  War.  Not  only  did  the  material 
needs  of  the  war  itself  absorb  part  of  the  Defense  Department's  basic 
research  budget,  but  as  "an  unpopular  war,"  it  led  to  public  scrutiny 
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Director  of  Research  Alan  Berman  at  his  desk  in  Building  43. 
Berman  was  director  from  1967  until  1982. 


of  the  govern ment-sci  ence  connecti  on .  M  any  researchers  at  uni  versi- 
ti  es  whose  funds  came  from  the  Department  of  Defense  became  the 
foci  of  campus  protests  where  antiwar  activists  considered  military 
research  money  to  be  moral  I  y  tai  nted. 

The  Mansfield  Amendment  of  1970  was  an  early  legislative  in¬ 
strument  designed  to  make  sure  DoD-supported  research,  in  the 
legislation'swording,  would  have  at  I  east  "a  potential  relationship  to 
a  military  function  or  operation."  Berman  notes  that  the  language  of 
the  I  egi  si  ati  on  was  porous  enough  to  support  al  most  any  proj  ect  N  RL 
researchers  were  doing,  but  the  law  did  shrink  the  amount  of  money 
flowing  outward  to  universities  from  DoD  funding  agencies  like  the 
Office  of  Naval  Research.  Whereas  in  the  1950s,  the  DoD  funded  a 
clear  majority  of  all  Federal  research  and  development,  by  the  end  of 
the  1970s  the  proportion  was  closer  to  one-fifth,  which  amounted  to 
just  over  $2  bill  ion. ^  Total  Federal  spending  for  R&D  now  is  about 
$78  billion. 

When  Berman  began  his  directorship  at  NRL,  the  proportion  of 
government  funding  slated  for  research  and  development  began  a 
gradual  eight-year  decline  though  in  actual  dollars  thetrend  remained 
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slightly  upward.  During  this  period,  a  new  ethic  of  accountability 
began  to  infiltrate  thescientific  community,  NRL  included.  The  con¬ 
sequences  on  fundi  ng  woul  d  not  be  as  dramati  c  for  the  Laboratory  as 
it  was  for  academic  scientists  at  universities,  but  the  need  to  justify 
and  account  for  money  requested  and  spent  al  ready  was  becomi  ng  a 
permanent  part  of  the  Laboratory's  research  culture  More  and  more 
of  the  staff  found  themselves  doi  ng  what  they  rarely  had  had  to  do 
before— writing  proposals,  competing  for  money,  and  filling  out  in¬ 
creasing  vol  umes  of  paperwork. 

Throughout  the  1960s,  the  Laboratory  also  underwent  a  spate  of 
new  construction  on  grounds  that  had  previously  been  part  of  the 
Washington  Navy  Yard  just  north  of  the  original  Laboratory  build¬ 
ings  and  adjacent  to  the  Bolling  Air  Force  Base  Today's  Chemistry 
Division,  Electronics  Science  and  Technology  Division,  and  Space 
Sciences  Division  as  well  asa  portion  of  the  Laboratory's  administra- 
ti  ve  servi  ces  are  all  i  n  bui  I  di  ngs  erected  at  that  ti  me  and  pi  ace 

With  so  much  physical  and  psychological  change  going  on  in  the 
1960s,  it  was  only  fitting  for  the  Laboratory  to  hire  Alan  Berman  as 
the  new  di  rector  of  research.  Berman  had  been  a  N  avy  researcher  for 
years  but  never  was  at  N  RL.  H  e  had  begun  his  own  research  career  on 
projects  for  the  Navy  as  a  graduate  student  at  Columbia  University 
and  I  aterbecamethe  director  of  the  Navy-supported  Hudson  Labora¬ 
tory  (whose  mission  centered  on  anti  submarine  warfare).  Still,  Berman 
was  an  NRL  outsider  when  hetook  over  the  reins  from  Robert  Page® 

UnlikeHulburt,  Marzke  and  Page  Berman  had  no  personal  his¬ 
tory  i  nvested  inNRL.  Sohehadno  parti  cul  ar  al  I  egi  ances  or  personal 
baggage  to  accommodate  as  he  negoti  ated  anew  path  for  N  RL  duri  ng 
the  Vietnam  era  and  up  to  the  early  1980s— the  penulti  mate  decade 
of  the  Col  d  War  that  had  provi  ded  the  cl  ear  context  for  Berman's  en- 
ti  re  career  i  n  mi  I  i  tary  research . 

Berman's  life  intersected  with  NRL's  institutional  history  when 
Captai  n  Tom  Owen,  N  RL's  mi  I  itary  di  rector  at  the  ti  me  i  nvited  hi  m 
to  applyforthedirectorship.  Accordingto  Berman,  Owen  exercised  a 
strong-arm  approach  to  placing  new  blood  in  the  Laboratory's  lead- 
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ership  aswdl  as  to  applying  more  business-based  management  tac¬ 
tics  to  the  Laboratory's  operati  on.  After  convi  nd  ng  hi  mself  there  was 
enough  good  raw  material  at  NRL,  Berman  accepted  the  offer  to  be¬ 
come  the  Laboratory's  fourth  director  of  research. 

His  goals  were  simple  at  least  in  theory.  "I  wanted  NRL  to  be  a 
modern,  high-class  laboratory  that  was  competitive  in  terms  of  pro¬ 
fessional  excellence  and  I  wanted  it  to  be  involved  with  things  that 
would  make  a  difference  to  the  Navy,"  he  recalled  in  his  New  York 
accent  thi  rty  years  I  ater.^  And  hetook  on  thi  s  mi  ssi  on  with  what  woul  d 
become  a  legendary  mix  of  intensity,  energy,  intelligence,  and 
mi  cromanagement. 

When  Berman  fi  rst  reported  to  work  at  N  RL,  he  requested  a  copy 
of  every  article  in  the  scientific  literature  that  had  been  authored  or 
co-authored  by  a  member  of  the  present  staff.  Hethen  immersed  him¬ 
self  in  the  del  uge  of  paper  for  the  next  month.  It  was  his  way  of  get- 
ting  a  first-person  sensibility  for  the  range  of  research  going  on  at 
NRL.  Healso  immediately  began  a  managerial  practice  that  became 
famous  Called  "Breakfast  with  Berman,"  thedi  rector  would  medteach 
morning  with  a  different  branch  head,  having  reviewed  a  continu¬ 
ously  fattening  file  on  the  branch  thenight  before  "I  alwayslooked 
forward  to  'Breakfast  with  Berman'  because  I  knew  he  would  tell  me 
someth!  ng  about  my  branch  that  I  di  dn't  know,"  recal  I  sj  ames  M  urday, 
now  superi  ntendent  of  the  enti  re  Chemistry  Division.® 

With  this  management  style  Berman  equipped  himself  to  make 
decisions  from  both  the  top-down  and  the  bottom-up.  As  did  any 
di  rector  of  the  Laboratory,  he  had  to  negoti  ate  the  Laboratory's  i  nter- 
ests  within  higher  military  and  political  contexts  (with  the  help,  of 
course  of  the  military  director).  To  do  that,  he  would  find  himself  in 
settings  such  as  the  Pentagon  or  before  House  and  Senate  Subcom¬ 
mittees  control  ling  fundsfor  the  Office  of  Naval  Research,  which  had 
been  a  maj  or  source  of  basi  c  research  fundi  ng  for  N  RL  si  nee  0  N  R's 
formation  in  1946. 

Berman  championed  NRL  as  a  pi  ace  where  bench  scientists  could 
do  top  qual ity  research,  get  recognition  for  thei r  work  by  thei r  peers. 
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and  behappydoingit.  Without  a  strong  and  steady  connection  to  the 
general  scientific  community,  he  knew  there  would  be  little  hope  of 
maintaining  and  attractingthekinds  of  scientists  bywhich  an  institu¬ 
tion  can  maintain  respect  in  the  scientific  community  As  for  those 
who  would  be  NRL  scientists,  he  made  great  demands  A  4.0.  grade 
point  average  was  almost  mandatory  for  any  viable  candidate  And 
for  those  already  at  the  Laboratory,  housed  the  "Berman  algorithm" 
in  which  housed  inputs  such  asthe  numbers  of  journal  papers  pub¬ 
lished,  conference  presentations  given,  and  thelike  to  calculate  pro¬ 
fessional  advancements  such  asraisesand  theti  mi  ng  of  promotions® 

Prior  to  Berman's  arrival,  NRL  researchers  published  their  work 
pri  marl  I  y  i  n  i  nternal  Laboratory  formats  rather  than  i  n  the  ki  nds  of 
journalsthat  would  make  them  and  N  RL  morevisiblecontributorsto 
thesci  entitle  community.  Bytheti  me  Berman  I  eft  the  Laboratory,  the 
staff  was  publishing  far  more  often  in  the  open  peer-reviewed  jour¬ 
nal  sth  an  i  n  i  nternal  or  cl  assifi  ed  pubi  i  cat!  ons  1 1  was  a  shi  ft  that  cl  earl  y 
helped  lift  NRL's  prestige  and  visibility. 

Berman  set  out  during  his  fifteen-year  tenure  to  reshape  the 
Laboratory's  research  portfolio  in  a  way  that  balanced  scientific  and 
technological  trends,  funding  realities,  and  the  Laboratory's  unique 
pi  ace  at  the  crosssecti  on  of  N  aval ,  Defense  and  i  ntel  I  i  gence  commu- 
nities,  aswell  asthegeneral  scienceand  technical  communities  While 
closing  down  research  facilities  such  as  the  swimming  pool  reactor, 
and  later  the  cyclotron,  which  he  deemed  too  expensive  and  other¬ 
wise  inappropriate  for  NRL,  he  strengthened  other  research  areas  such 
as  electronic  warfare  electronics  technologies  information  technol¬ 
ogy,  and  optical  science 

"Survival  of  amodern  army  and  navy  really  is  a  function  of  elec¬ 
tronic  warfare  capabilities,"  Berman toldan  interviewerin  1982.“He 
noted  in  particularthatthethreatof  low-flying  antiship  missiles  con¬ 
cerned  himgreatlyduringhistenureatNRL.  Keytechnical  challenges 
included  detecting  incoming  missiles,  having  effective  countermea¬ 
sures  (such  as  new  generations  of  chaff  and  other  types  of  decoys), 
and  rapi dl y  processi  ng  and  di ssemi  nati  ng  data  for  eval  uati  ng  threats 
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and  controlling  responses  Optical  components,  new  radar  systems, 
computer  software;  and  new  electronic  gadgetry  were  all  part  of  the 
answer  to  these  new  missile  threats,  which  is  why  Berman  encour¬ 
aged  these  areas  at  N  RL. 

"There  is  a  perpetual  battlethat  has  been  going  on  between  mis 
sile  designers  and  decoy  designers  as  to  who  beats  whom,"  Berman 
said.  "The  [electronic  warfare]  group  here  has  been  absolutely  spec- 
tacul ar  i  n  that  regard."^  That  expl ai  ns  i n  part  why  much  of  the  I i  m- 
ited  amount  of  major  new  construct!  on  thattook  pi  ace  at  the  Labora¬ 
tory  i  n  the  1970s  and  1980s  was  the  erecti  on  and  I  ater  expansi  on  of 
faci  I  i  ti  es  for  the  Tacti  cal  El  ectroni  c  Warfare  D  i  vi  si  on . 

Halfway  through  his  directorship,  in  1975  and  1976,  even  the 
strong-willed  Berman  was  overtaken  by  a  controversial,  politicsdriven 
deci  si  on  to  move  much  of  N  RL's  own  expert!  se  i  n  ocean  sci  ence  and 
technology  off  campus  to  a  newly  formed  Navy  research  unitcreated 
ostensibly  to  bolster  the  Navy's  ocean-based  R&D.  For  many  of  those 
at  NRL  and  at  the  Naval  Oceanographic  Office  in  nearby  Suitland, 
Maryland,  who  also  were  caught  in  the  middle;  this  was  an  unwel¬ 
come;  wrenchingtransition.  Itentailed  relocating  their  work  and  their 
lives  to  Bay  St.  Louis,  Mississippi  at  a  vacant,  former  part  of  NASA's 
Stennis  Space  Center.  There  the  NRL  contingent  consolidated  with 
related  Navy  research  programs  to  form  the  Naval  Ocean  Research 
and  Development  Activity  (NORDA).  Atthetimeof  themove  Sena- 
torjohn  C.  Stennis  of  Mississippi  was  the  Chairman  of  the  Armed 
Servi  ces  Committee 

Thepolitical  debatewithin  and  amongst  Congress  and  the  Penta¬ 
gon,  as  well  as  court  battles  to  stop  the  move  and  lifestoriesof  those 
di  recti  y  affected,  pi  ayed  out  i  n  scores  of  newspaper  arti  cl  es  and  edi  to¬ 
ri  als.  I  n  the  end,  the  move  took  pi  ace  anyway.  There  woul  d  be  addi- 
tional,  though  less  wrenching  organizational  changes  involving 
NORDAand  other  Navy  ocean  and  atmosphere  research  groups  years 
I  ater  duri  ng  the  di  rectorshi  p  of  Berman's  successor,  Ti  mothy  Coffey. 

Berman  began  his  NRL  directorship  during  a  trend  of  overall  bud¬ 
getary  austerity  for  mi  I  itary  research  and  devel  opment.  After  reach!  ng 
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a  I  evd  of  about  $184  mi  1 1  i  on  i  n  1973,  N  RL's  research  appropri  ati  ons 
took  a  dip  and  then  flattened  at  $173  million  for  several  years  Dur¬ 
ing  the  Carter  Administration,  however,  funding  levds  began  rising 
again,  reaching  nearly  $215  million  by  1979.  These  numbers  do  not 
i  ncl  ude  cl  assi  fi  ed  sums  of  money  support!  ng  bl  ack  programs  i  ncl  ud- 
i  ng  a  vast  program— known  as  Proj  ect  Si  erra— centered  on  a  new  and 
poorly  understood  means  of  detecting  submarines  By  theti  me  Berman 
I  eft  N  RL  i  n  1982,  the  Laboratory's  acknowl  edged  research  budget  had 
increased  to  nearly  $270  million.^^ 

Berman  left  amidst  the  military  spending  spree  that  came  with 
Ronald  Reagan's  presidency.  He  handed  the  research  directorship  off 
to  the  present  di  rector,  Ti  mothy  Coffey,  who  had  been  taki  ng  on  ever 
more  responsi  bl  e  posit!  ons  si  nee  he  joi  ned  the  Laboratory  as  a  bona 
fide  employee  in  1971  to  head  the  Plasma  Dynamics  Branch  of  the 
Plasma  Physics  Division. 

Military  R&D  spending  in  the  United  States  rose  precipitously 
d u ri  n g  C off ey's earlyyearsastheLabo rato r/s f I fth  d i  recto r  of  research 
since  1949.  Spending  nearly  doubled  between  1981  and  1985  and 
rose  even  more  steepi y  after  that  due  to  the  costi  y  and  controversi  al 
Strategic  Defense  Initiative  (now  known  as  the  Ballistic  Missile  De¬ 
fense  I  nitiative  and  more  popularly  as  Star  Wars)  that  former-Presi- 
dent  Ronald  Reagan  believed  could  lead  to  a  high-tech  defensive 
umbrella  impervious  to  a  rain  of  nuclear  warheads  from  the  Soviet 
Union.14 

For  NRL,  SDI  money  flowed  largely  through  specific  doors  such 
as  those  of  the  Opt!  cal  Sciences  Division  and  oftheNaval  Centerfor 
Space  Technology,  which  was  i  naugu  rated  in  1986  as  the  Navy's  lead 
laboratory  for  space  technology.  "Itwasan  amazingtime"  recallsTom 
Giallorenzi,  superintendent  of  the  Optical  Sciences  Division  when 
SDI  became  part  of  theR&D  picture  "Peoplewerecomingto  my  door 
from  SDI  asking  us  to  take  projects  on  for  like  a  hundred  million 
dol  I  ars . . .  That  was  a  ti  me  that  won't  repeat  itself,  but  it  was  an  I  nter- 
estingtime"^^  Although  hisdivision  did  receive  SDI  moneyforsome 
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laser  projects,  Giallorenzi  points  out  that  large  influxes  of  money 
from  single  sponsors  can  have  double  edges 

There  are  long  term  risks,  he  says,  because  big  blocks  of  money 
earmarked  under  specific  programs  for  specific  goalscan  fundamen¬ 
tally  change  the  character  and  course  of  a  research  division.  Since 
these  changes  do  not  necessarily  coincide  with  NRL's  longer  term 
mission,  injectionsofmoneyfromprogramsIikeSDI  can— if  manag¬ 
ers  are  not  careful— deflect  a  division's  expertise  and  resources  into 
what  ultimately  become  dead-ends 

Despite  the  i  ntermittent  i  nfl  ux  of  support  to  some  parts  of  N  RL, 
the  Laboratory's  overall  unclassified  research  budget  fl uctuated  be¬ 
tween  $478  million  and  $571  million  from  1985  to  1989,  the  year 
the  Berl  i  n  Wal  I  crumbi  ed.  The  budget  then  moved  upward  to  a  peak 
of  $810  million  in  1993  before  dipping  back  to  the  roughly  $750 
mi  1 1  i  on  I  evel  of  the  past  few  years. 

When  Coffey  first  came  to  the  Laboratory  in  1971  to  head  the 
Plasma  Physics  Branch,  hisown  technical  expertise  meshed  perfectly 
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with  thetechnical  challenges  associated  with  thethen  nearlydecade- 
old  ban  on  testing  nuclear  weapons  in  the  atmosphere  Yet  the  Cold 
War  was  in  full  swing.  So  an  enormous  amount  of  research  was  rely- 
ingon  surrogatelaboratorytests,  physical  theories,  and  computational 
simulations  to  reveal  and  understand  the  probable  effects  of  nuclear 
weapons 

Si  nee  n ucl  ear  bl  asts  turn  any  nearby  materi  al  s  ( I  i  ke  atmospheri  c 
gases,  concrete  or  people)  into  plasma— a  soup  of  naked  atomic  nu¬ 
clei  and  electrons— Coffey  made  it  his  business  to  bolster  NRL's 
strength  i  n  theordti  cal  and  experi  mental  pi  asma  physi  cs  Fundi  ng  came 
from  such  sponsors  as  the  Defense  N  ucl  ear  Agency  and  the  Depart¬ 
ment  of  Energy  Among  other  things,  this  kind  of  research  requires 
high-energy  machines  for  creating  plasmas  and  thetechnical  exper¬ 
tise  to  observe  and  understand  how  these  plasmas  behave  Italso  re¬ 
quires  the  development  of  sophisticated  theories  and  access  to  ever 
more  powerful  supercomputers  to  help  scientists  both  understand 
the  results  of  experiments  and  link  these  to  what  one  might  expect 
from  nuclear  explosions  in  different  settings^® 

Li  ke  most  th  i  n  gs  i  n  sci  en  ce  th  ese  parti  cu  I  ar  stren  gth  s  h  ave  proven 
themselves  useful  for  other  ki nds  of  i  nvesti gati ons  as  wel  I .  Creati  ng 
and  study!  ng  pi  asmas  for  the  purposes  of  understand!  ng  the  effect  of 
nuci  ear  detonati  ons,  for  exampi  e,  requi  res  many  of  thesame  ki  nds  of 
laboratory  and  cognitive  tools  needed  to  pursue  such  national  goals 
as  I  aser-i  nduced  nucI  ear  fusi  on  for  generati  ng  power.  That  is  why  the 
Laboratory  now  has  a  massive  krypton-fluoride  laser  ^em,  known 
as  th  e  N I  KE  I  aser,  wh  i  ch  th  e  D  epartment  of  En  ergy  su  ppo  its  as  part  of 
itsoverall  laserfusion  effort  (with  Lawrence  Livermore  National  Labo¬ 
ratory  servi  ng  as  the  fl  agshi  p  fad  I  i  ty) . 

Another  spin-off  from  the  earlier  pi  asma  work,  which  Coffey  has 
nurtured,  has  been  the  Laboratory's  growing  strength  and  visibility  in 
the  areas  of  noni  i  near  dynami  cs  and  chaos  Chaoti  c  systems,  I  i  ke  pi  as¬ 
mas  or  the  weather,  are  those  whose  behavior  can  unfold  in  dramati¬ 
cal  I  y  different  ways,  yet  accord!  ng  to  defi  nabi  e  rul  es  and  mathemati¬ 
cal  I  y  descri  babi  e  model  s 
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And  thi  s  has  led  some  NRL  researchers  into  unexpectedlypromis- 
ing  directions  Louis  Pecora,  who  heads  the  Nonlinear  Effects  in  Ma- 
teri al s and  Structures Secti on  i  n  the M  ateri al s  Physi  cs  Branch  of  N  RL's 
M  ateri  al  s  Sci  ence  and  Technol  ogy  Di  vi  si  on  ( withi  n  the  M  ateri  al  s  Sci¬ 
ence  and  Component  Technology  Directorate)  says  "Our  group  is 
involved  in  studying  nonlinear  dynamics  in  materialsand  electronic 
circuits"^^ 

The  Col  d  War  surel y  i  s  why  N  RL  became  strong  i  n  pi  asma  phys 
ics,  which  iswhyresearch  likePecora'sand  his  col  leagues' on  nonlin¬ 
ear  phenomena  now  are  part  of  the  Laboratory's  research  agenda.  But 
the  most  consequential  influence  on  NRL  during  Coffey's  tenure  so 
far  has  been  theending  of  theCold  War.  'Theend  of  the  Cold  War  has 
si  gn  i  f i  can  tl  y  ch  an  ged  th  e  strategi  c  an  d  tacti  cal  si  tu  ati  o  n  f o  r  th  e  U  n  i  ted 
States  N  avy,"  Coffey  has  sai  d.  And  natural  I  y  that  has  been  I  eadi  ng  to 
significant  changes  at  NRL.^® 

With  the  changing  geopolitical  realities,  military  strategists  have 
shifted  their  focus  away  from  Cold  War  simplicity— a  potential  glo¬ 
bal  conflict  with  the  Soviet  Union— to  more  complicated  scenarios 
"Conflicts  impacting  U.S.  national  interests  will  now  be  regional  in 
scope  and  location  and  will  be  waged,  from  a  Naval  perspective  in 
the  coastal  seas  adjacent  to  points  of  contention  . . .  I  ike  the  Persian 
Gulf  and  thecoast  of  Mozambique"  Coffey  said  in  1993  at  a  confer¬ 
ence  on  the  history  of  oceanography.^ 

Whereas  tracki  ng  Sovi et  nuci  ear-powered  submari  nes  across  the 
North  Atlantic,  North  Pacific,  and  even  under  the  Arctic  ice  mass  was 
a  mai  nstay  responsi  bi  I  i  ty  of  the  N  avy  i  n  the  Col  d  War  framework,  i  t  i  s 
far  I  ess  i  mportant  i  n  the  post-Col  d  War  framework.  I  n  Coffey's  words 
"Navyemphasiswill  now  beplaced  on  command  and  control  of  coast¬ 
lines  and  narrow  seas;  including  amphibious  assaults,  aircraft  strikes, 
mine  warfare  special  operations  surveillance  and  resupply  will  be¬ 
come  common. "2°  Moreover,  headds  submari  nethreatsarenow  more 
I  i  kel  y  to  come  i  n  theform  of  qui  et  di  esel  -powered  submari  nes  i  n  shal  - 
low  water,  rather  than  from  the  deeply  submerged  nuclear  subma¬ 
ri  nes  so  embi  emati  c  of  the  Col  d  War  era. 
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With  threats  I  i  ke these  on  the  radar  screen,  Coffey  has  been  over¬ 
see!  ng  a  correspondi  ngshift  of  N  RL's research  agenda.  Although  deep- 
ocean  environments  rennain  crucial  to  Naval  operations,  the  ocean¬ 
ography  of  coastal  and  littoral  waters  now  has  taken  on  increased 
military  significance  In  these  locales,  fog  and  other  consequences  of 
air-sea  interactions  that  effect  the  performance  and  capabilities  of 
weapon  and  su  rvei  1 1  an  ce  systems  are  more  I  i  kel  y  to  become  mi  I  i  tari  I  y 
significant.  The  acoustic  environment  of  these  locales  differs  from 
the  deep-sea  and  Arctic  setti  ngs  the  Navy  had  gotten  used  to  duri  ng 
theCold  War.To  be  prepared  for  conflict,  Coffey  says*  theNavy  needs 
to  thoroughly  understand  these  and  the  many  other  differences  be¬ 
tween  warfare  i  n  deep  water  and  warfare  i  n  shal  I  ow  water  and  coastal 
areas 

0  ne  of  the  most  dramati  c  organ!  zati  onal  changes  that  fol  I  owed 
in  the  wake  of  the  Navy's  increasing  need  to  monitor,  understand, 
and  exploitthediverseshallow  water  and  coastal  environments  took 
placein  1992.ThatiswhentheNaval  Oceanog'aphicand Atmospheric 
Research  Laboratory  (NOARL)  with  about  475  employees  at  sites  lo¬ 
cated  at  Bay  St.  Louis  in  Mississippi  and  at  Monterey,  California, 
merged  with  NRL. 

For  many  involved,  including  William  Mosel y,  head  of  NRL's 
Oceanography  Division  located  at  Bay  St.  Louis  this  was  a  home- 
corni  ng  of  so  Its Seventeen  years  earl  I  er,  many  N  RL  ocean  sci  enti  sts 
were  among  those  who  moved  from  NRL's  Washington,  DC  campus 
i  n  the  mi  d-1970s  to  the  M I ssi  ssi  ppi  fad  I  i  ty  as  part  of  that  controver- 
sial  consolidation  to  form  the  Naval  Ocean  Research  and  Develop¬ 
ment  Activity  (NORD  A).  In  asecond  wave  of  administrative  consoli¬ 
dation  in  1989,  NORDA  merged  with  the  meteorology-based  Naval 
Environmental  Research  and  Prediction  Facility  in  Monterey  and  sev¬ 
eral  other  smal  I  I aboratori es  under  the  offi  ces  of  the  Chi  ef  of  N aval 
Research  to  form  NOARL.  So  with  the  NOARL-NRL  merger  in  1992, 
some  scientists  who  had  been  NRL  employees  prior  to  1975  before 
leaving  for  Stennis  to  become  NORDA  employees,  returned  to  the 
NRL  fold,  albeit  remotelyfrom  their  Mississippi  location. 
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With  this  new,  more  unified  staff  of  ocean  science  researchers, 
NRL  has  begun  to  put  together  an  unprecedented  array  of  science 
theory,  and  tools  for  understanding  and  predicting  sea  and  weather 
patternson  local,  regional,  and  global  scales,  accordingto  EricHartwig, 
who  had  been  Director  of  Ocean  Sciences  at  ON R  before  becoming 
Associ  ate  D i  rector  of  Research  for  N  RL's  0 cean  and  Atmospheri  c  Sci - 
ence  and  Technology  Directorate  in  1992. 

"We  devel  op  the  oceanographi  c  model  s  and  acousti  c  models  the 
Navy  uses  for  ASW  [antisubmarine  warfare],"  Hartwig  offers  as  an 
example  of  how  his  directorate's  ocean  science  work  links  to  Navy 
operations'^  There  are  similar  linkages  for  the  models  designed  to 
predict  ocean  currents  and  large-  and  small-scale  weather  patterns 
i  ncl  udi  ng  those  driven  by  the  cycl  i  c  surges  of  warm  El  Nino  waters  i  n 
the  Pacific.  During  the  Persian  Gulf  conflict,  Hartwig  notes  that  re¬ 
searchers  now  under  his  wi  ng  del  ivered  to  the  Fleet  an  experi  mental 
model  that  they  hoped  could  predict  how  mines  that  had  broken 
from  thei  r  moori  ng  I  i  nes  woul  d  drift.  That's  the  ki  nd  of  i  nformati  on 
that  can  save  ships  and  lives  "Itturned  outitworked,"  Hartwigsays 

TheshiftfromtheCold  War,  deep-water  context  to  the  anywhere- 
i  n-the-worl  d  shal  I  ow  water  and  coastal  context  has  shown  up  at  N  RL 
in  smaller  ways  than  the  merging  of  NRL  and  NOARL.  Consider  what 
has  become  of  the  concrete  cyl  i  ndri  cal  tank  that  used  to  host  the  core 
of  the  swi  mmi  ng  pool  reactor.  Its  nuclear  core  was  decommissioned 
and  removed  long  ago,  butthetank  in  which  the  core  had  been  sub¬ 
merged  still  sits  inside  of  the  cavernous  Bui  I  ding  71.  Nowthetankis 
fi  1 1  ed  with  water  overl  yi  ng  a  ten-foot  I  ayer  of  sand,  whi  ch  makes  for 
an  idealized  simulation  of  conditions  near  shorelines  Researchers  in 
thePhysical  Acoustics  Branch  areusingthisfacilityto  develop  acous¬ 
tic  methods  for  finding  and  recognizing  objects,  such  as  mi  nes,  bur¬ 
ied  in  the  sand. 

Besi  des  worki  ng  to  tai  I  or  the  Laboratory's  expertise  to  match  the 
present  and  projected  needs  of  the  Navy,  Coffey  always  has  identified 
one  of  his  most  i  mportant  rol  es  as  nurturi  ng  the  coexistence  of  N  RL's 
several  research  cultures  AsheseesittheLaboratoryhosts  three  major 
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cultural  components'^  One  isthedi  rect  descendant  of  N  RL'sori  gi  nal 
research  cultureof  appi  i  ed  sci  enceand  eng  neeri  ng.  It  began  with  men 
like  A.  Hoyt  Taylor,  Harvey  Hayes,  and  Robert  Page  and  continues 
today  in  many  of  NRL's  divisions  including  the  Radar  Division,  Tacti¬ 
cal  Electronic  Warfare  Division,  and  Optical  Sciences  Division. 

It  is  a  research  culture  characterized  by  an  engineering  mindset 
that  applies  what  is  known  to  make  new  things  while  maybe  also 
revealing  new  science  to  makethosethings  better  or  more  capable  It 
is  a  culture  resembling  those  at  industrial  research  centers  where  i n- 
vesti gators  apply  science  and  engineering  to  develop  specific  tech¬ 
nologies,  abilities,  or  products  that  further  the  interests  of  its  corpo¬ 
rate  parent.  It  is  a  culture  also  that  often  iscloaked  in  secrecy;  itsre- 
sul  ts  resembi  ecorporate secrets  whose  revel  ati  on  to  others  woul  d  spel  I 
the  I  OSS  of  some  commercial  advantage  In  NRL's  case  however,  such 
a  I  OSS  of  advantage  woul  d  I  i  kel  y  be  percei  ved  as  goi  ng  beyond  com¬ 
merce  i  nto  the  real  m  of  nati  onal  securi  ty. 

Since  Navy  decision-makers  and  commanders  can  see  the  link 
between  the  accomplishments  of  this  culture— which  include  such 
technologies  as  radar  systems*  electronic  countermeasures,  newfoul- 
ing-resistant  surface  coatings  for  naval  vessels,  and  new  secure  com- 
muni  cati  ons  I  i  nks— and  the  FI  eet  itself,  thi  s  i  s  the  part  of  the  Labora¬ 
tory  that  can  most  easily  convince  (and  evidently  has  done  so  since 
1923)  the  N  avy  Department's  top  deci  si  on-makers  that  N  RL  hoi  ds  an 
i  mportant  and  worthy  pi  ace  i  n  the  N  av/s  overal  I  R&D  effort. 

The  second  component  of  N  RL's  research  culturethat  Coffey  has 
been  nurturing  began  to  thrive  at  NRL  only  after  WWII.  Edward  0. 
Hulburt  was  the  original  human  seed  of  this  cultural  component, 
which  first  began  proliferating  in  the  Laboratory  in  the  1940s  with 
researchers  I  ike  the  husband-and-wife  cr^al  I  ographers  Jerome  and 
Isabella  Karle  and  space  scientists  Herbert  Friedman  and  Richard 
Tousey.  More  akin  to  academia  than  industry,  thebias  of  thisculture 
is  pure  research,  to  push  theboundsof  knowledge  If  research  spawns 
applications  for  the  Navy,  so  be  it,  but  denizens  of  this  culture  often 
percei  vesuch  results  as  spin-offs  of  theirworkratherthan  drivers.  Yet, 
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the  intended  product  of  such  research— new  basic  knowi edge  about 
theworid— iswhat  reveaistheboundariesin  which  technoiogy  can 
emerge  at  aii. 

The  research  of  this  cuiture  generaiiy  is  of  a  more  fundamentai 
nature  itsnaturai  iine of  communication  istheopen,  refereed  scien¬ 
tific  iiterature  from  which  scientists  make  or  break  their  own  reputa¬ 
tions  as  they  teii  their  peers  what  they  i earned.  Members  of  this  cui¬ 
ture  are  the  ones  who  coui  d  and  di  d  earn  N  RL  a  pi  ace  on  the  sci  en- 
tific  map.  They  are  the  ones  who  have  been  in  a  position  to  make 
N RL  a  respected  brand  name capabieof  attracting quaiity scientists* 
who  are  the  ones  that  can  push  the  horizon  of  possibietechnoiogies 
further  and  further. 

Coffey  identifies  the  roots  of  NRL's  third  major  research  cuiture 
as  going  back  to  the  Laboratory's  eariiest  days  in  the  1920s  when 
Huiburt  and  Tayior  studied  the  ionosphere  in  order  to  understand 
the  medium  in  which  the  products  of  the  Laboratory's  radio  engi¬ 
neers  had  to  operate  No  one  couid  have  guessed  at  that  time  what 
wouid  sprout  from  those  roots— rocket  science  and  the  Space  Age  it 
is  a  more  secretive  cuiture  whose  products  hei  p  to  keep  N  RL  on  the 
mindsof  themiiitary  and  inteiiigence  communities  When  the  Na¬ 
tion  ai  Reco  n  n  ai  ssan  ce  0  ff  i  ce  wan  ts  a  n  ew  space  tech  n  o  i  o  gy  i  d  ea  tested 
out,  one  pi  ace  they  turn  to  istheNavai  Center  for  Space  Technoiogy. 
NCST,  which  formed  in  1986,  aiso  estabiished  a  strong  i ink  with  the 
Strategic  Defense  initiative  Organization  (now  the  Baiiistic  Missiie 
Defense  Organization).  One  standout  of  thisiinkage  the  Clementine 
missi  on,  has  become  an  i  nstant  ci  assi  c  i  n  the  "smai  i  er,  faster,  cheaper" 
paradi  gm  sweepi  ng  the  satei  i  ite  engi  neeri  ng  community. 

'The  research  guys  are  the  peopie  who  keep  the  Laboratory  as  a 
recognized  piayerinthescientificcommunity,"  Coffey  says  "TheNavai 
systems  guys  [iike  those  in  theTacticai  Eiectronic  Warfare  Division 
and  the  Opticai  Sciences  Division]  are  the  ties  with  the  reai  opera- 
tionai  Navy  and  they  aretheonestheNavysees  as  the  reason  to  have 
NRL."2‘'  Both  of  these  communities  need  each  other,  Coffey  says,  be¬ 
cause  the  basic  researchers  make  a  scientific  name  for  NRL  and  that 
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reputation  helps  bring  in  the  applied  scientists  and  engineers  whose 
technology  wi  ns  over  the  hearts  of  the  N  avy  community. 

The  Laboratory's  multi  pi  e  personal  ity  harbors  sped  al  chal  I  enges 
For  example;  a  significant  portion  of  NCST's  program  has  been  sup¬ 
ported  by  a  single  sponsor  whose  own  short-  or  long-term  agendas 
need  not  merge  seamlessly  with  those  of  the  Laboratory  "Theyarein 
theirown  community  and  are  still  largely  a  community  we  can't  talk 
too  much  about,"  says  Coffey.^^  At  thesameti  me;  adds  Peter  Wi  I  hel  m, 
N  CST's  di  rector,  the  Center's  I  ocati  on  with!  n  the  respected  N  RL  com¬ 
munity  has  made  it  the  space  engineering  facility  of  choice  for  the 
I  ess  visible  space  technology  world  inhabited  by  the  military  and  In¬ 
tel  I  i  gence  communi  ti  es 

Like  any  large  and  long-lived  organization,  the  Laboratory  has 
had  to  wrestle  with  aging  facilities  and  institutional  inertia  as  well  as 
thelarger  military  and  governmental  currentsin  which  it  must  oper¬ 
ate  With  its  retinue  of  aging  and  outdated  facilities,  maintenance  is 
no  trivial  matter  for  the  Laboratory.  The  situation  can  get  critical  ev¬ 
ery  now  and  again.  That  happened  in  a  big  way  when  the  roof  of 
BuildingA-59,  thegargantuan  fad  I  ity  devoted  to  spacecraft  engineer¬ 
ing,  construction,  and  testing  showed  symptoms  of  failure  (during 
hi  gh  wi  nds  and  heavy  snows)  i  n  the  I  ate  1980s  about  the  ti  me  the 
Berl  i  n  Wal  I  was  crumbi  i  ng.  Fi  ndi  ng  money  for  the  emergency  repai  r 
was  less  of  a  concern  than  making  sure  several  high-priority,  classi¬ 
fied  projects  could  continue  on  schedule^® 

The  agi  ng  of  N  RL's  physi  cal  pi  ant  has  been  progress!  ng  at  a  ti  me 
when  military  construction  (MILCON)  funds  have  been  inadequate 
and  getting  tighter.  Due  to  special  entrepreneurial  skills  to  procure 
moregeneral  militaryfundsexternal  totheLaborator/snormal  bud¬ 
get,  some  new  buildings— including  the  beautiful  Optical  Sciences 
Division  building— havegoneup  within  thelastdecadeor  so.  For  the 
most  part,  however,  the  Laboratory  has  been  resorting  to  a  cheaper 
route— renovating  existing  buildings  One  by  one;  NRL's  buildings, 
including  Building  71  (the  old  reactor  building)  and  Building  30 
(which  now  houses  the  Center  for  Biomolecular  Science  and  Engi- 
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neering),  have  become  mere  shells  of  their  former  selves  with  entirely 
new  and  modernized  interiors 

Bui  I  dings  are  crucial  parts  of  an  institution  likeNRL.  But  without 
good  peopleworking  in  them,  the  buildings  don't  mean  much.  Main¬ 
taining  a  healthy  balance  between  talented  new  blood  and  experi¬ 
enced  old  blood  in  the  research  ranks  has  been  gettingtougher,  Coffey 
says  For  one  thing,  the  overall  growth  in  the  country's  science  and 
technology  communities  has  meant  that  competition  for  young  sci¬ 
entists  who  bring  with  them  the  new  ideas  and  approaches  needed 
to  keep  mi  I  i  tary  research  on  the  I  eadi  ng  edges,  has  gotten  sti  ffer.  Parti  y 
as  a  result  of  this  the  proportion  of  veteran  researchers,  whose  expe¬ 
rience  and  wisdom  is  invaluable  for  recognizing  flaws  and  pitfalls 
( even  though  they  are  more  suscepti  bl  e  to  sti  cki  ng  to  outdated  con¬ 
cepts  and  data),  has  steadily  increased.  Theproblem  has  been  exacer¬ 
bated  bytheFederal  salary  caps  that  have  madeitimpossiblefor  gov¬ 
ernment  research  centers  I  i  ke  N  RL  to  offer  sal  ari  es  to  top  candi  dates 
that  match  what  the  candi  dates  can  make  i  n  the  pri  vate  sector.^^ 

There  are  more  omi  nous  troubi  es  to  contend  with  as  wel  I .  Si  nee 
the  late  1980s,  the  larger  tides  in  the  Department  of  Defense  and  in 
the  Government  in  general  have  put  NRL  and  many  other  govern¬ 
ment  I  aboratori  es  on  the  defen  si  ve  Thei  r  exi  stence  i  s  not  a  gi  ven  any¬ 
more  Congress!  onal  demands  for  more  di  rect,  cl  ear  rel  evancy  to  the 
missi  ons  of  theparent  agencies,  and  pressures  to  downsize  haveonly 
been  increasing  with  time  Moreover,  money-consciousness  now  ap¬ 
pears  to  be  on  a  chronic  upswing  at  a  time  when  downsizing  has 
become  a  favorite  means  of  reduci  ng  costs 

No  institution  is  free  of  both  small  and  large  problems  I  ike  the 
ones  enumerated  above  Yet  it  seems  that  every  generation  perceives 
the  probi  ems  of  thei  r  own  ti  me  as  the  ones  that  real  ly  coul  d  si  nk  the 
ship.  That  kind  of  angst  is  present  today  at  the  Laboratory.  For  the 
foreseeable  future  at  least,  Coffey  and  other  managers  in  and  out  of 
N  RL  bel  i  eve  the  Laboratory  i  s  and  wi  1 1  remai  n  healthy.  The  best  bet 
for  long-term  survival,  they  say,  is  to  fulfill  the  Laboratory's  direc¬ 
ti  ve— to  do  top  qual  ity  research  whose  goal  i  s  to  bri  ng  the  N  avy  new 
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or  improved  technology,  as  well  as  a  better  understanding  and  ability 
to  exploitthevastsea-to-spaceenvironmentin  which  it  operates  This 
i  s  made  expl  i  cit  by  the  Laboratory's  formal  mi  ssi  on  statement: 

To  conduct  a  broadly  based  multidisciplinary  program  of  scien¬ 
tific  research  and  advanced  technological  development  directed 
toward  maritime  applications  of  new  and  improved  materials, 
techniques,  equipment,  systevs,  and  ocean,  atmosphere,  and  space 
sciences  and  related  technologies^^ 

Quantifying  and  validating  the  multi  faceted  and  often  intangible 
value  of  broad-based  laboratories,  includingNRL,  has  never  been  easy 
But  it  is  just  such  validations  and  quantifications  that  have  become 
central  to  the  way  government  facilities  now  earn  the  right  to  con- 
ti  nue  at  taxpayers'  expense  Coffey  notes  that  this  task  becomes  har- 
rowi  ng  when  measures  of  success  used  by  admi  n  i  strators  and  I  egi  si  a- 
tors  in  the  Pentagon  or  Congress  involve  time  frames  too  short  to 
accommodate  the  longer-term  payoffs  that  tend  to  come  from  places 
I  i  ke  N  RL,  or  when  those  measures  of  success  depend  on  the  tal  I  yi  ng 
of  something,  even  if  that  something  is  not  necessarily  a  genuinely 
tel  I  i  ng  measure  of  the  val  ue  N  RL  is  supposed  to  produce 

Harrowing  maybe  but  so  long  as  the  Laboratory  maintains  its 
reputation  as  a  quality  player  in  the  scientific  community  and  as  a 
supplier  of  innovative  advantage-supplying  technology  to  its  Naval 
constituency,  Coffey  says  he  expects  NRL  to  reach  more  milestone 
anniversaries  beyond  the  75th  anniversary  that  it  is  celebrating  this 
year.  H  i  s  opti  mi  sm  for  N  RL's future  deri  ves from  the  corpus  of  conse 
quential  work  the  Laboratory  has  produced  during  his  own  nearly 
30-year-long  tenure  at  NRL  The  following  chapter  portrays  a  small 
porti  on  of  that  corpus  and  the  consequences  that  have  come  of  it. 
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The  conti  nued  exi  stence  that  Ti  mothy  Coffey  predi  cts  for  the  N  a- 
val  Research  Laboratory,  as  well  asthe  respect  the  Laboratory  contin¬ 
ues  to  command  in  both  themilitaryandscientificcommunitiesy  are 
testimony  to  the  successful  shepherding  work  of  Coffey  and  his  pre¬ 
decessor  i  n  the  di  rector's  chai  r,  Al  an  Berman,  over  the  past  30  years 
Jack  Brown,  who  retired  from  the  Laboratory  six  years  ago,  has  had  a 
pri  vi  I  eged  perch  from  wh i  ch  to  observe  N  RL's  I  ast  few  decades  H  av- 
i  ng  attai  ned  the  rank  of  Col  onel  i  n  the  Army  before  start!  ng  a  second 
career  at  NRL,  Brown  rose  high  enough  in  the  hierarchy  to  see  how 
things  work  and  was  connected  enough  to  know  about  pretty  much 
any  classified  work  going  on  at  the  Laboratory.  Hehasbeen  an  active 
parti  ci  pant  and  di  I  i  gent  student  of  N  RL's  recent  hi  story.^ 

Every  Thursday,  Brown  arrives  at  a  quiet  back  room  officein  NRL's 
RuthT  H  ooker  Li  brary.  He's  retired,  but  he  can't  stay  away  Hispres- 
enceand  wise  counsel  are  welcomed  and  solicited  byCoffeyand  oth¬ 
ers  Hestarted  working  at  NRL  in  1971  asAssoci  ate  Superintendent  of 
N  RL's  PI  asma  Physi  cs  D  i  vi  si  on,  after  havi  ng  served  as  a  program  man¬ 
ager  and  Di  rector  of  the  Vul  nerabi  I  ity  Di  rectorate  of  what  then  was 
called  the  Defense  Nuclear  Agency,  or  DNA  (formerly  the  Defense 
Atom!  c  Support  Agency) .  At  N  RL,  he  eventual  ly  became  an  Associ  ate 
Director  of  Research  for  the  Support  Services  Directorate  which  no 
longer  exists 
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For  years,  Brown  commuted  to  work  with  hisneighbor  Alan  Berman. 
During  those  commutes,  "we  solved  all  of  the  problems  of  the  world 
and  of  NRL,"  Brown  jokes  Even  before  he  arrived  at  the  Naval  Re¬ 
search  Laboratory,  Brown  was  well  acquainted  with  NRL.  As  a  long¬ 
time  DN  A  program  manager,  hehad  chosen  NRL  as  the  lead  DoD  labo¬ 
ratory  for  the  chal  I  engi  ng  task  of  study!  ng  the  effects  of  nuci  ear  weap¬ 
ons  at  a  time  when  it  no  longer  was  legal  to  conduct  tests  in  the  open 
atmosphere  Brown  recal  Is  that  N  RL  was  the  only  pi  ace  he  knew  that 
coul  d  adequatel  y  assembi  e  everyth  i  ng  needed  to  study  the  enti  re  prob¬ 
lem,  fromtheearly  instants  of  a  nuclear  explosion  through  thesubse 
quentand  evolving  effects  on  the  atmosphere  and  military  systems 

In  time  Brown  has  gotten  to  know  and  understand  NRL  as  well  as 
anyone  In  hisview,thequintessential  meaningof  NRL,  anditsuniquely 
broad  research  spectrum,  is  to  preempt  technological  surprise  on  the 
battleground.  It  is  on  NRL's  shoulders  to  provide  leading  edge  naval 
technologiesandto  havescientificand technological  imaginationsthat 
are  a  match  for  any  real  or  potent!  al  adversari  es  And  the  onl  y  way  to 
do  that,  he  says,  is  to  have  high  quality  plasma  physicists,  acoustics 
scientists  chemists,  specialists  in  electronics  and  optoelectronics  and 
optics  computer  and  information  science  aficionados  biomolecular 
researchers  oceanog'aphers,  experts  at  si  mulatinglarge-scaleand  small- 
scalephenomena,  materi al s research ers,  systems en gi n eers wh o  can 
put  tech  n ol  ogi  es  an d  tech  n  i  q  ues  togeth er  i  nto  su ch  th  i  n gs  as  radar  sys¬ 
tems  or  el  ectroni  c  countermeasure  ^ems,  and  experts  of  many  other 
stripes  all  in  one  place  where  they  can  cross  the  gaps  between  their 
respect!  vespeci  al  ti  es  and  i  ntegratethei  r  experti  se  i  nto  technol  ogy  prod¬ 
ucts 

N  RL's  kal  ei  doscopi  c  col  I  ecti  on  of  sci  enti  sts  and  engi  neers sum  i  nto 
something  I  ike  an  omnidirectional  light  that  can  look  all  around  and 
up  and  down  in  order  to  see  what  militarily  significant  science  and 
technology  is  on,  or  even  beyond,  the  horizon.  The  collective  purview 
of  a  narrower  I  aboratory  woul d  be  more  I  i  ke  a  search  I  i  ght  capabi  e  of 
i  1 1  umi  nati  ng  onl  y  what  i  s  i  n  front  of  it. 
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The  Laboratory's  research  agenda  has  been  expanding— alongwith 
science  and  technology  in  general— since  the  end  of  World  War  II. 
With  thediversity  of  topics  proliferating  so  steadily,  the  administra¬ 
tive  task  of  keeping  NRL  strong  in  those  areas  most  likely  to  beim- 
portant  to  the  Navy  has  become  more  complicated.  Moreover,  that 
proliferation  has  transformed  the  Laboratory  from  its  earlier,  simpler 
i  ncarnati  ons,  where  it  was  possi  bl  e  to  hang  the  Laboratory's  research 
agenda  on  acomprehensiblenumber  of  technical  themes*  intoamore 
complex  institution  that  no  longer  is  simply  defined. 

Even  so,  thereisatleastonecluevisibleall  over  the  Laboratory's 
campus,  even  on  its  publications  and  stationary,  that  graphically  at¬ 
tempts  to  provi  dethe  big  pi  cture—N  RL's  four-sector  rondel  I  e  Itsym- 
bolizes  the  Laboratory's  research  and  development  mission  in  away 
that  transcends  the  yearly  fluctuations  of  its  organizational  charts 
The  upper-1  eft  sector  of  the  rondel  I  e  i  s  a  styl  i  zed  represented  on  of 
how  atoms  bond.  I  t^mnbolizesthe  Navy's  many-faceted  relationships 
with  the  very  stuff  of  the  world  from  which  ships  planes,  munitions 
radar  systems,  satellites  and  all  other  material  things  are  made  It  is 
where  Nobel  Prizes  can,  and  in  N  RL's  case  have  come  from. 

The  upper-ri  ght  sector  depi  cts 
Poseidon's  three-pronged  staff 
emerging  from  the  sea.  It  repre¬ 
sents  the  Navy's  need  to  master 
the  seas,  and  N  RL's  striving  to  pro¬ 
vide  the  Navy  with  the  god-like 
knowledge  and,  if  possible  con¬ 
trol  over  what  lurks  both  upon 
and  below  the  water. 

The  bottom- ri  ght  sector  of  the 
rondel  I  e  i s  a  depi  cti  on  of  Vanguard  I ,  the  fi  rst  satel  I  i  te  N  RL  put  i  nto 
orbit  on  St.  Patrick's  Day  i  n  1958.  It  represents  N  RL's  ongoi  ng  quest 
to  understand  and  exploitspaceforthebenefit  of  theNavy.  That  first 
satel  I  ite  embodied  the  engi  neer's  spi  rit  i  n  that  it  took  practi  cal  prob- 
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lem-solvingto  build  it  and  get  it  into  orbit.  It  also  ennbodied  thesci- 
entists'  spirit  in  that  it  provided  a  new  perch  from  which  to  observe 
theEarth  andthecosmos  It  representsa  well-funded,  truly  awesome; 
and  often  highly  classified,  component  of  the  Laboratory's  R&D  per¬ 
sonality. 

Finally,  the  rondelle's  bottom-left  sector— a  stylized  trace  of  an 
osci  1 1  oscope— represents  the  multifari  ous  el  ectromagneti  c  and  other 
more  or  I  ess  obvious  physical  phenomena  on  which  so  much  of  the 
Navy's  communications,  command,  control,  and  intelligence  are  based 
and  by  which  the  Navy  senses  both  natural  and  humanly  constructed 
environments. 

Together,  the  four  sectors  of  the  rondel le  graphically  state  that 
NRL's  purview  extends  from  the  ocean  bottom  to  outer  space  and 
through  out  the  visible  and  invisible  real  ms  of  the  world.  That  all  en¬ 
compassing  mission  encapsulates  how  NRL  has  continued  along  its 
now  75  year  quest  to  provi  de  thefoundati  ons  of  knowl  edge  and  tech- 
nologyfrom  which  come  the  million-and-onetechnical  detailscom- 
pri si  ng  a  I  eadi  ng-edge  N  avy 

Every  bi  g  pi  cture  i  s  made  up  of  parts,  j  ust  as  a  TV  i  mage  i  s  com¬ 
posed  of  thousands  of  pi  ctureelements,  or  pixels  Indeed,  each  sector 
of  NRL's  rondel  I  e  is  itself  such  a  big  pi  cture  with  in  the  overall  NRL 
portrait.  What  fol  I  ows  are  accounts  of  only  a  few  of  those  thousands  and 
thousands  of  pixels  of  the  Laboratory's  expanding  research  portfolio  duri  ng 
the  di  recto rshi  ps  of  Al  an  Berman  and  Ti mothy  Coffey. 

Unlike  earlier  chapters  of  the  Laboratory's  story,  the  more  con¬ 
temporary  phase  of  the  Laboratory  is  harder  to  tel  I  with  neatlinearity 
or  any  kind  of  defensible  simplification.  Onlyashistory  unfolds  will 
we  know  with  any  certainty  which  of  the  myriad  recently  completed 
or  still  ongoing  projects  will  end  up  havingdramaticand  historically 
important  consequences,  whicharedestinedforobscurity,  and  which 
will  fall  between  those  extremes  Thickening  the  fog  isthat  many  of 
N  RL's  i  mportant  research  accompi  i  shments  over  the  past  few  decades 
remai  n  secret,  which  itself  isasign— although  surely  not  proof— that 
the  nati  on  consi  ders  the  work  actively  or  potent!  al  ly  i  mportant. 
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Despite  those  disci  aimers,  there  already  areafew  cl  ear  standouts 
from  NRL's  contemporary  era.  One  of  them  is  the  awarding  of  the 
1985NobelPrizeinChemi  stry  to  J  ero  me  Karl  e  an  d  H  erbert  H  au  ptman 
for  their  work  in  X-ray  crystallography  How  can  itbut  stand  outlike 
a  neon  sign  to  the  correctness  of  the  Laboratory's  post-WWI  I  decision 
to  nurture  basicscience  along  with  applied  science  and  engineering? 
TheLaborator/srolein  theearlydesign  and  evolution  of  theGlobal 
Positioning  System  is  another  clear  standout  that  has  brought  much 
praise  and  prestige  to  the  Laboratory  So  has  the  Laboratory's  more 
recent  tour  de  force  in  the  Ballistic  Missile  Defense  Organization's 
C/emmf/ne  mission,  which  flew  only  in  1992,  yet  became  an  instant 
classic  in  the  annalsof  satellite  technology 

Butlikethetalentsofchild  prodigies*  those  areunusual  standouts 
The  consequences  and  value  of  the  vast  preponderance  of  work  at 
NRL  during  the  last  few  decades  remains  unknown.  The  foil  owing 
pi  xel  s  of  this  work  suggest  at  I  east  part  of  the  bi  g  way  the  Laboratory 
recently  has  been  striving  to  fulfill  Jack  Brown's  view  of  NRL's  mis¬ 
sion— to  preempt  technological  surprise  by  discovering  what  is  pos¬ 
sible  in  thefirst  pi  ace 

Biotechnologcal  Pixels 

In  1967,  Joel  Schnur,  a  graduate  student  at  Georgetown  Univer¬ 
sity,  came  to  NRL  to  interview  for  a  summer  job  with  Herbert  Rabin 
and  several  col  leagues  of  the  Quantum  0  ptics  Bran  ch.^  Impressed  by 
Schnur's  impromptu  seminar  on  liquid  crystals  (liquids  whose  con¬ 
stituent  molecules  align  with  oneanother  in  a  more  regimented,  crys¬ 
tal-like  fashion  instead  of  in  a  random,  fluid  jumble  and  have  be¬ 
come  important  in  displaytechnologiessuch  as  computer  monitors), 
Rabin  hired  him. 

That  was  just  the  beginning.  Schnur  later  landed  a  post-doctoral 
position  at  NRL  initially  via  a  program  run  by  theNational  Research 
Council  that  Alan  Berman  liked  because  it  furthered  his  long-term 
administrative  aim  of  bringing  top-notch  candidates  to  the  Labora¬ 
tory.  In  1973,  theOptical  Science  Division  hired  Schnurto  work  full- 
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ti  me  That's  about  when  the  seemi  ngly  endl ess  possi  bi  I  iti es  avai  I  abl  e 
through  NRL's  diverse  research  portfolio  began  to  inspire  Schnur  and 
thereby  i  nfl  uence  the  Laboratory's  recent  hi  story 

Schnur  quickly  discovered  connections  between  his  liquid  crystal 
work  and  the  work  of  others  at  NRL,  such  as  chemist  Bill  Zisman,  a 
well-known  and  often-cited  expert  (Nobel-caliber  to  some  including 
Joel  Schnur)  on  themolecular  structure  of  surfaces  Healso  saw  con¬ 
nections  with  the  work  of  researchers  such  asJeromeKarle  then  still  a 
futureNobel  laureate  whose  work  centered  on  more  standard  solid 
crystals  A  laser-based  laboratory  technique  Schnur  had  mastered  for 
hi  s  I  i  qui  d  crystal  studi  es  I  ed  hi  m  i  nto  an  area  of  unambi  guous  mi  I  itary 
interest— energetic  materials  a.k.a.  explosives  and  propellants  Using 
ultrafast  laser  pulses  as  optical  probes  that  could  take  snapshots  of 
extremely  fast  chemical  events,  Schnur  and  colleagues  were  able  to 
tease  out  some  of  the  chemical  and  ph^cal  details  that  sum  into  a 
chemical  detonation. 

By  then,  Schnur  was  hungering  for  ways  to  use  the  fundamentals 
of  science  for  technological  development.  In  1983,  Al  Schindler,  then 
Associate  Director  of  Research,  gave  him  the  opportunity.  Schindler 
was  following  up  on  a  directive  from  Director  of  Research  Timothy 
Coffey,  who  could  see  that  the  field  of  biotechnology  was  taking  off 
and  that  NRL  ought  to  get  its  feet  wet  before  the  wave  of  opportunity 
had  passed. 

Even  though  Schnur  was  intheOpti  cal  SciencesDivision,  Schindler 
suggested  that  he  run  the  new  initiative  After  all,  there  was  a  natural 
connection  between  Schnur's  expertise  in  liquid  crystals  (cell  mem- 
branesy  which  are  important  model  systems!  nthebiotechnology  arena, 
are  composed  I  argel  y  of  mol  ecul  es  that  arrange  i  nto  none  other  than 
spherical  liquid  crystals)  and  the  new  biotechnology  initiative  Coffey 
had  in  mind.  Coffey  subsequently  added  force  to  Schindler's  sugges- 
ti  on  by  hi  mself  i nviti  ng  Schnur  to  take  on  the  chal  I enge 

"I  was  convinced  there  would  be  new  science  coming  out  of  this 
bi omol ecular  approach,"  Schnur  recal Is thi nki ng.  "It  was engi neeri ng 
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mol  ecul  es  usi  ng  bi  ol  ogy  as  a  rol  e  model ,  maki  ng  mol  ecul  es,  I  earn!  ng 
how  they  assemble  and  looking  for  functions  for  advanced  materi¬ 
al  s"^ 

The  timing  was  right  for  other  reasons  Congress,  the  Office  of 
Naval  Research,  and  DARPA  (Defense  Advanced  Research  Projects 
Agency)— in  short,  almost  everybody  with  research  money  to  distrib¬ 
ute— saw  gol  d  i  n  the  real  m  of  bi  otechnol  ogy.  Whi  I  e  at  the  ti  me  most 
were  thi  nki  ng  al  ongthe  I  i  nes  of  gen  eti  c  engi  neeri  ng,  Schnur  was  look¬ 
ing  more  broadlyat  molecular  design,  which  made  more  immediate 
sense  for  the  N  avy  N  ot  onl  y  was  fundi  ng  avai  I  abl  efor  bi  otechnol  ogy, 
Schnur  was  good  at  convincing  potential  research  sponsors  to  put 
thei  r  si  gnatures  on  paper. 

It  was  neither  easy  nor  particularly  smooth,  but  Schnur  and  five 
othersfromtheOptical  SciencesDivision  madethemovetotheChem- 
istry  Division  in  1983  to  spearhead  the  new  initiative  embodied  by 
the  Center  for  Bi  omol  ecul  ar  Sci  ence  and  Engi  neeri  ng.  They  brought 
with  them  a  half-mi  1 1  i  on  dol  I  ars  of  N  RL  money  si  gned  over  by  Coffey 
with  nods  from  his  in-house  advisors,  and  $1  million  from  DARPA. 

I  n  i  ts  15  years  of  exi stence;  the  center  has  expanded  dramati  cal  I  y  and 
now  occupies  its  own  renovated  building  on  the  Laboratory's  main 
mall. 

Sch  n  u  r  recal  I  s  th  at  o  n  e  of  th  e  center's  most  f ru  i  tf u  I  pro]  ects  began 
even  beforethe  center  existed  during  a  tennis  match  hehad  with  Tom 
Walsh,  who  was  head  of  Electronics  at  the  Air  Force  Office  of  Scien¬ 
tific  Research.  "If  onlyyou  had  longthin  objectsthatwereconducting 
they  would  be  the  world's  best  radar  absorbing  material,"  Schnur  re¬ 
calls  Walsh  saying.'*  Schnur  soon  convinced  himself  and  colleagues 
(and  Walsh)  that  thetask  could  be  done  using  lipids,  which  arelong, 
oily  molecules  hehad  become  extremely  familiar  with  during  all  of 
his  liquid  crystal  research. 

Sch  nur's  CO  workers  in  the  Optical  SciencesDivision,  Paul  Shoen 
and  Paul  Yager,  opened  the  door  to  a  solution  when  they  found  a  way 
to  get  lipid-based  molecules  to  arrange  themselves  into  the  kind  of 
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This  electron  micrograph  of  a  lipid  tubule  is  0.5  microns  in  diameter 
and  30  microns  long.  It  is  longer  than  the  diameter  of  a  typical 
human  hair. 


microscopic  cylindrical  structures— now  cal  led  microtubules— Walsh 
had  in  mind.  The  research  team  led  by  Schnur  suspected  that  these 
biomolecular  structures,  which  could  serve  as  temporary  skeletons 
for  more  permanent  coating  materials,  could  lead  to  more  than  just 
radar  absorbing  materials  They  began  to  envision  new  more  envi¬ 
ronmentally  sound  antifouling  coatings  for  naval  vessels,  new  drug 
del  i  very  systems,  and  other  sped  alty  items  based  on  fi  1 1  i  ng  the  ti  ny 
tubes  with  different  things  So  just  as  Coffey  was  putting  administra¬ 
tive  commitment  behind  the  Laboratory's  foray  into  biomolecular 
engineering  by  setting  up  Schnur  and  hiscadreof  biomolecular  sci- 
entistsin  the  Chemistry  Division,  DARPA  came  through  asabig,  pa¬ 
tient  sponsor. 

Thetubule  research  soon  worked  in  synergywith  projects  of  other 
team  members  Bruce  Gaber,  for  one  joined  the  group  in  1977  and 
brought  wi th  hi  m  another  bi  omol  ecul ar  proj ect.  The  audaci ous  goal 
of  the  project  was  to  develop  artificial  blood  using  encapsulated  he 
moglobin  molecules  inside  of  liposomes,  or  little  spheres  made  of 
lipid-based  molecules  Hemoglobin  is  the  oxygen-ferrying  protein 
inside  of  red  blood  cells  and  a  liposome  is  much  like  a  cell  mem¬ 
brane  So  I  i  posomeencapsul  ated  hemogi  obi  i  n  ( LEH )  resembi  es  bl  ood 
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cells  in  form  and  function.  Along  with  Gaber,  Martha  Farmer  and 
Al an  Rudol  ph  have  been  maj or  pi ayers  i  n  thi s  work. 

Frances  Li  gler  would  bring  another  important  research  capability 
into  thegroup— developing  new  sensors  for  biological  and  chemical 
warfare  agents  and  other  toxic  agents  FI  er  tack  was  to  use  exquisitely 
sensitive  and  capable  biological  molecules  such  as  anti  bodies  which 
are  a  ki  nd  of  protei  n  speci al  i zed  for  recogni zi  ng  and  bi  ndi  ng  to  spe¬ 
cific  chemical  structures  such  as  toxins  By  coating  these  onto  optical 
fibers  that  could  detect  when  binding  had  occurred,  she  and  her  col¬ 
leagues  have  developed  a  basisfor  new  generations  of  chemical  and 
biological  sensors 

The  Center  for  Biomolecular  Science  and  Engineering  grew  rap¬ 
idly  from  five  people  in  1983  to  40  by  1986.  And  by  then  its  budget 
had  grown  to  $3  million  with  nothing  but  more  growth  in  sight.  In 
1989,  the  Laboratory  committed  moneyto  renovate  Bui  I  ding  30  along 
the  mai  n  mal  I  i  nto  a  modern  fad  I  i  ty  i  nto  whi  ch  the  burgeon!  ng  cen¬ 
ter  with  its  increasing  cache  of  equipment  could  all  move  together.  By 
1994,  the  building  was  ready  for  its  new  occupants.  The  roster  now 
includes  about  80  full -time  staff,  which  grows  by  about  50%  in  the 
summer  with  an  influxof  visiting  scientists  and  undergraduate  sum¬ 
mer  students 

Even  a  truncated  list  of  the  Center's  active  research  topics  belies 
the  huge  new  swaths  of  science  and  technology  NRL  now  has  within 
itsfenceinthedual  goals  of  preempting  technological  surprise  while 
hel  pi  ng  the  N  avy  do  more^  Li  pi  ds  are  the  start!  ng  poi  nt  for  new  com¬ 
bat  care  technologies,  amongthem  resuscitativefluid  (artificial  blood) 
and  cryo preservati ontechniquesforin creasi n g th e sh el f- 1 i f e of  arti f i - 
dal  and  natural  blood  supplies  Another  of  thecenter'sresearch  thrusts 
centers  on  how  I  i  qui  d  crystal  sand  other  organ!  zed  mol  ecul  ar  systems 
might  lead  to,  among  other  things,  next-generation  recording  and 
display  technologies 

The  center's  researchers  also  are  looking  into  how  tubules  and 
other  structures  made  using  biomolecules  can  lead  to  new  ways  of 
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This  scanning  eiectron 
micrograph  shows  a  iarge 
popuiation  of  iiposome 
encapsuiated  homogiobin 
(LEH)  particies  amidst  a 
coupie  of  much  iarger 
human  red  biood  ceiis. 


monitoring  environmental  quality,  defending  against  biological  war¬ 
fare  agents*  and  thwarting  marine  organ!  sms  from  fouling  naval  sur¬ 
faces  such  as  hulls  Control  ling  the  deli  very  of  medicine  countering 
mines,  making  new  generations  of  integrated  circuitry,  and  assem¬ 
bling  nanoscal  e  de-n  ces  ( that  are  measured  on  the  bi  1 1  i  onth-of-a-meter 
scale)  for  uses  such  as  new  sensing  elements  and  even  for  directing 
the  growth  of  inorganic  crystals  for  electro-optic  signal  processing, 
are  all  on  the  Center's  radar  screen.  As  such,  the  center  hosts  a  large 
array  of  research  pixels  that  together  foreshadow  some  of  the  ways 
bi  otech nol  ogy  wi  1 1  become  part  of  the  N  av/s  operati  ons 

Hair-Thin,  Glassy  Pixels 

Another  set  of  striking  pixels  of  NRL's  big  picture  emerged  from 
an  i  nteracti  on  among  researchers  i  n  the  0  pti  cal  Sci  ences  D  i  vi  si  on  and 
the  Acoustic  Division.  The  question  both  groups  were  aski ng  inde¬ 
pendently  at  first  was  this:  what  good  might  optical  fibers  be  for  the 
Navy?® 

As  did  many  other  scientific  organizations,  NRL  first  began  seri¬ 
ously  looking  at  optical  fibers  in  the  early  1970s  when  glass  research¬ 
ers  at  Corning  Glass  Works  in  upstate  New  York  invented  a  way  to 
makeoptical  fibersthrou^  which  light  could  travel  clearlyand  cleanly 
for  mi  I  es  rather  than  the  few  feet  that  had  been  the  I  i  mi  t. 
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In  1976,  NRL  acoustics  scientists,  indudingjoseph  Bucaro,  C.M. 
(Mickey)  Davis  and  visiting  professor  Edward  Carome  from  John 
Carroll  University  (University  Heights,  Ohio),  were  looking  into  us¬ 
ing  optical  fibers  as  sensors  of  acoustic  energy  in  fluids  such  as  the 
ocean.  For  Bucaro  and  Carome;  who  was  Bucaro's  professor  a  decade 
earlier  when  Bucaro  was  a  student  at  John  Carroll  University,  itwasa 
reasonabi  e  pursuit  si  nee  they  knew  the  pressure  waves  associ  ated  with 
underwater  sound  could  subtlyyet  detectablyaffect  thewaylighttrav- 
deddown  thefibers  In  time  they  realized  they  could  modify  optical 
sensors  with  various  coatings  and  in  other  ways  that  transformed  them 
into  sensorsof  such  phenomena  as  temperature  dectrical  fidds,  and 
mechanical  strain. 

Sci  enti sts i  n  theOpti  cal  Ph^si  cs  Branch,  i  ncl  udi  ngTom  Gi  al  I  orenzi , 
wereapproachingoptical  fibers  fro  man  other  angle  "We  started  work¬ 
ing  on  all  components  needed  for  ai rborne and  shipboard  [commu¬ 
nications]  applications"  of  optical  fibers,  Giallorenzi  recalls.^  Oneof 
the  earliest  problems  he  and  his  colleagues  faced  was  the  way  even 
su  btl  e  vi  brati  0  n  s,  of  wh  i  ch  th  ere  was  n  o  sh  o  rtage  onplanesandships, 
could  interfere  with  light,  especially  as  it  passed  through  acoupling 
from  one  fiber  and  into  another.  These  early  optical  fiber  compo¬ 
nents  coul  d  even  detect  voi  ce-i  nduced  vi  brati  ons  Si  nee  acousti  cs  and 
vi  brati  ons  are  so  cl  osd  y  rd  ated,  it  was  practi  cal  I  y  desti  ned  that  these 
two  groups  would  themsdves  couple  into  an  interdisciplinary  fiber 
opti cs  program.  It's  j ust  the  sort  of  ^ergy  that  Brown  i dentifi es  as 
one  of  N  RL's  most  cruci  al  character! sti  cs 

By  early  1977,  Bucaro  says  he  and  Carome  successfully  demon¬ 
strated  thefirst  "interferometric  fiber  optic  external  fidd  sensor,"  which 
isto  say,  an  optical  hydrophone  Bucaro  bdi  eves  this  was  the  catalyst 
that  I  ed  to  thefi  rst  DoD  program  i  n  fi  ber  opti  c  sensors  I  n  September, 
excited  by  this  and  further  laboratory  successes,  Davis,  Bucaro,  and 
Burton  Hurdle(theDiviaon'socean  acoustics  guru)  went  to  DARPA 
seeking  support  to  devdop  ocean  applications  for  what  had  been 
demonstrated  i  n  Bucaro's  I  aboratory.  As  Bucaro  recal  I  s  it,  thd  r  DARPA 
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contact,  Captain  Harry  Winsor,  encouraged  the  NRL  researchers  to 
"find  a  good  program  manager"  and  come  back  with  a  unified  pro¬ 
gram.  By  early  November,  they  did  just  that.  Jack  Donovan,  a  hydro¬ 
phone  systems  manager  just  leaving  the  Naval  Materiel  Command, 
was  recruited  as  Program  Manager.  Davisjoined  Giallorenzi'sgroup 
to  i  ntegrate  the  work  of  thei  r  respective  branches,  and  together  they 
all  convinced  one  another  that  optical  fibers  had  to  be  part  of  the 
Navy's  future 

With  that  in  mind,  the  extended  group  composed  a  unified  pro¬ 
posal  to  DARPA  to  develop  fiber  optic  sensor  technology  that  they 
woul  d  demonstrate  i  n  theform  of  a  towed  acousti  c  array.  DARPA  I  i  ked 
what  it  saw  and  its  subsequent  funding  gave  birth  to  the  Fiber  Optic 
Sensor  System  (FOSS)  program.  (According  to  Mickey  Davis,  it  was 
no  mere  coincidence  that  the  project'sacronym  FOSS,  resembled  the 
nameof  Dr.  Fossum,  DARPA's  new  director  at  theti  me)  Otherfund- 
ing  agencies  including  the  Office  of  Naval  Research  and  the  Naval 
Materiel  Command  also  supported  the  project.® 

The  first  project— a  towable  submarine  detection  system  made 
with  a  fiber  optic-based  array  of  acoustic  sensors— married  the 
strengths  of  thetwo  participatingdivisionsquitenaturally.  'TheAcous- 
tics  Division  did  the  acoustic  part  and  Optical  Sciences  did  the  opti¬ 
cal  part  and  together  we  were  the  first  to  do  an  at-sea  demonstration 
of  fiber  opticsin  a  towed  array,"Giallorenzi  noted.®  One  of  the  most 
i  mpressi  ve  earl y  results  came  i  n  the gui se  of  a  fai  I  ure  D uri  ng  the fi  rst 
attempt  to  take  the  towed  assembly  into  the  water,  the  water  pressure 
broke  through  the  assembly's  protective  rubber  dome  and  all  of  the 
electronics  and  optical  fiber  components  became  flooded.  "Wedried 
it  out  and  tried  it  again  and  it  worked  perfectly,"  Giallorenzi  recalls 
"Under  these  conditions  of  failure;  [the  Navy  observers  who  would 
actually  make  the  decision  to  use  such  equipment]  had  never  had  a 
sensor  that  wasn't  destroyed. 

The  crux  of  these  optical  arrays  was  an  acoustic  sensor  that  worked 
according  to  the  century-old  concept  of  interferometry,  or  the  mea- 
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surement  of  the  way  two  sources  of  I  i  ght  i  nterfere  with  one  another. 
The  pri  nci  pi  e  here  was  to  mi  x  the  I  i  ght  from  a  reference  opti  cal  fi  her 
that  was  shi  el  ded  from  underwater  sound  with  that  I  i  ght  travel  ingin 
a  second  fiber  "listening"  in  the  water.  The  result  is  a  characteristic 
interference  pattern  that  light  detectors  can  monitor.  If  the  second 
fiber  "hears"  something,  its  light  changes  and  that,  in  turn,  alters  the 
interference  pattern  its  light  forms  with  the  light  of  the  reference  fi¬ 
ber.  The  changes  that  are  detectableare  exquisitely  minute;  even  tiny 
sounds  wi  1 1  affect  the  i  nterference  pattern .  That  makes  for  a  very  sensi  - 
ti  ve  underwater  I  i  steni  ng  devi  ce  i  ndeed.  Bucaro  cl  ai  ms  that  N  RL  has 
the  first  (U.S.  Patent  4,162,397)  patent  for  such  a  device  based  on 
work  that  heandcolleaguesinthePhysi  cal  Acoustics  Branch  had  done 
before  the  FOSS  program  got  underway.^ 

Besides  the  fibers,  thisinterferometric^em  required  the  devel¬ 
opment  of  other  components,  i  ncl  udi  ng  coupl  ers  and  I  i  ght  detectors 
The  work  led  to  dozens  of  patents  for  both  the  acoustics  and  optics 
scientists  The  first  at-sea  tests  in  the  late  1970s  and  early  1980s  of  a 
towed  array  of  fiber-optic-based  acoustic  sensors  included  plenty  of 
electronic  components  as  well  asoptical  onesThereasonforthiswas 
th  at  th  e  I  i  ght  si  gn  al  s  i  ntermi  ttenti  y  h  ad  to  be  co  n  verted  i  nto  el  ectro  n  i  c 
signals  and  then  back  again  into  light.  Though  necessary  at  the  time 
all  of  these  conversions  degraded  the  quality  of  the  signals  and  the 
overal  I  capabi  I  i  ti  es  of  the  s^em. 

To  circumvent  this  I  imitation,  Giallorenzi  and  his  col  leagues  be¬ 
gan  sel  I  i  ng  thei  dea  of  the  next-generati  on  towed  array.  Thi  sonewoul  d 
be  almost  entirely  opti  cal— no  light-to-electron  transitions,  except  at 
the  end  when  people  computers,  or  both  would  need  to  make  sense 
of  the  signals  'Through  a  good  part  of  the  1980s,  we  did  various 
phases  of  development  on  that  array  and,  i  n  about  1990,  it  was  cho¬ 
sen  to  be  the  repi  acement  array  for  the  N  avy,"  Gi  al  I  orenzi  says^^ 
Many  of  theNav/ssurface  ships  would  have  been  equipped  with 
the  NRL-devel oped  "all -opti cal  towed  array"  by  now  had  the  geopo¬ 
litical  situation  not  changed  so  drasticallyjust  as  the  technology  de- 
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[57]  ABSTRACT 

An  optica]  fiber  acoustical  sensor  for  detecting  sound 
waves  in  a  fluid  medium.  An  optical  fiber  coil  through 
which  a  light  beam  is  transmitted  is  placed  in  a  fluid 
medium.  A  sound  wave  propagating  through  the  fluid 
medium  and  incident  on  the  optical  fiber  coil  changes 
the  iadea  of  refnetioa  of  the  optical  fitKC  at  the  area  of 
incidence  Tbe  mdex  change  causes  a  phase  shift  in  the 
transmiRed  light  which  is  detectable  to  denote  the  pres¬ 
ence  of  the  sound  wave. 

9  Claims,  5  Drawing  Rgures 


Early  patent  for  fiber-optic-based  sensors  invented 
by  NRL  researchers 


vdopment  was  coming  to  completion.  The  end  of  the  Cold  War  and 
the  fall  of  Communism  beginning  in  1989  changed  everything,  in¬ 
cluding  the  peredved  need  for  a  new  generation  of  towed  arrays  for 
surface  ships 

Thetechnology  has  not  languished,  however.  Instead,  itisslated 
to  become  a  major  component  of  the  latest  generation  of  nuclear 
submarines— the  688  class  "When  they  put  Tomahawk  missiles  on 
these  submarines  they  didn't  retain  sufficient  reserve  buoyancy  to 
permit  these  boats  to  carry  the  42-ton  [wide  aperture]  acoustic  array 
originally  specified  for  the  688s"  Giallorenzi  says.  "They  asked  usif 
the  fi  her  array  coul  d  be  I  i  ghter,"  Gi  al  I  orenzi  recal  I  s^^ 
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Yes  was  the  answer.  "I  t  basi  cal  I  y  was  taki  ng  the  towed  array  tech- 
nologyand  putting  it  on  the  side  of  submarine;"  Giallorenzi  says.  At 
18  tons,  the  system  shaved  24  tons  off  of  the  new  submari  ne's  desi  gn. 
The  Optical  Sciences  Division  developed  yet  another  incarnation  of 
the  all-optical  towed  array  technology.  This  one  is  in  the  form  of  a 
rapidly  deployable  bottom-mounted  device  whose  significantly 
smaller  size  and  reduced  power  needs  lead  to  an  extremely  powerful 
underwater  listening  system  that  can  bequicklyand  readily  deployed 
al  most  anywhere  Some  of  the  fi  rst  tests  of  this  versi on  of  the  work 
that  began  i  n  the  I  ate  1970s  took  pi  ace  i  n  M  ay  1996  off  the  coast  of 
San  Diego. 

AsBucaro,  Davis,  Giallorenzi,  and  others  intuited  more  than  20 
years  ago,  optical  fibers  have  become  useful  componentsof  Navysur- 
vei  I  lance  sterns  communications  networks*  navigational  instruments 
I  i  ke  gyros,  and  el  ectroni  c  warfare  systems 

O  pti  cal  fi  bers  al  so  have  become  i  mportant  tool  s  for  research .  For 
example  researchers  in  the  Physical  Acoustics  Branch,  which  Bucaro 
heads,  are  usi  ng  them  to  i  nvesti gate  the  acousti  c  properti  es  of  new, 
stealthier  submarine  designs  And  Fran  Ligler's  group  in  the  Center 
for  Biomolecular  Science  and  Engineering  is  investigating  their  po¬ 
tential  use  as  sensors  for  biological  and  chemical  warfare  agents 

Superconducting  Pixels 

There  are  scores  of  i  mportant  pixels  that  have  to  do  with  the  ma¬ 
terials  of  which  the  Navy's  high  and  low  technologies  are  made  Su¬ 
perconductive  materials— or  substances  through  which  electricity 
passes  resi  Stan  cefree  and  therefore  with  100%  efficiency— constitute 
one  of  them.  These  remarkable  materials  had  largely  fallen  in  the 
exotica  bin  ever  si  nee  a  Dutch  physicist  discovered  the  phenomenon 
in  mercury  in  19IL.  Nonetheless,  NRLhad  had  a  small  effort  in  super¬ 
conductivity  going  on  for  years  when  Donald  Gubser,  now  head  of 
the  Materials  Science  and  Technology  Division,  joined  the  staff  in 
1969  strai  ght  out  of  graduate  school 
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At  theti  me  superconducti  vi  ty  was  one  of  those  areas  more  prom- 
isingto  physicists  than  to  anyonewho  might  have  wanted  to  develop 
practical  superconductor-based technologiesfortheNavy.  Until  about 
12  years  ago,  all  known  superconductors  would  only  work  at  tem¬ 
peratures  rivaling  winter  on  Pluto.  Yet  if  researchers  could  develop 
more  conveni  ent  superconductors  that  operated  at  warmer  tempera¬ 
tures,  the  payoffs  to  the  N  avy  and  across  the  board  coul  d  be  huge  i  n 
theform  of  more  efficient  and  powerful  motors,  magnets*  propulsion 
and  transportation  systems,  or  even  computers 

I  n  h  i  s  earl  y  years  at  N  RL,  G  u  bser  builtauniqueexperimentalch  am¬ 
ber  in  which  he  simultaneously  could  cool  new  candidate  supercon¬ 
ducting  materi  al s  whi  I e  pressi  ng  them  at  great  pressures  wi thi  n  a  di  a- 
mond-jawed  anvil  that  can  squeeze  objects  more  strongly  than  any 
other  tool.  It  was  the  type  of  study  that  could  help  reveal  just  what 
madethese  mysteri  ous  materi  al  s  ti  ck  so  that  maybe  peopi  e  coul  d  start 
systemati  cal  ly  i  nventi  ng  better  ones  "For  awhi  I  e  we  had  the  worl  d's 
onl  y  i  nstrument  that  coul  d  real  I  y  go  to  those  pressures  at  those  tem¬ 
peratures"  Gubser  recal  I  ed.^^  H  eand  col  I  eagues,  i  ncl  udi  ng  Stuart  Wolf, 
now  head  of  the  Materials  Physics  Branch,  began  making  names  for 
themselves  by  thei  r  pubi i cati ons  and  by  runni  ng  conferences 

Gubser  recal  I  s  getti  ng  requests  from  the  Chi  ef  of  N  aval  Research 
to  check  out  various  claims  (both  within  and  outside  of  the  Navy) 
about  breakthroughs— such  as  new  superconductors  that  would  work 
at  much  higher  temperatures  The  cl  aims  invariably  turned  out  to  be 
fal  se  or  overbi  own ,  h  e  says 

Then,  in  the  middle  of  December,  1986,  the  arcane  world  of  su¬ 
perconductivity  research  ignited  into  a  wildfire  The  flame  reached 
NRL  via  a  meeting  at  the  Naval  Post  Graduate  School  in  Monterey 
where  a  colleague  of  Gubser's  showed  him  a  preprint  of  a  paper  by 
J  apanese  researchers  that  convi  nd  ngl  y  demonstrated  anew  supercon¬ 
ductor  that  worked  at  the  record  temperature  of  30  degrees  above 
absolute  zero  (30  K  or  -436°  F).  "Right  there  at  that  point,  my  life 
changed,"  recal  Is  Gubser.^® 
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TheJ  apanese  paper  was  a  confi  rmati  on  of  work  by  two  research¬ 
ers  in  Switzerland  who  months  earlier  had  quietly  reported  the  first 
examples  of  a  new  class  of  ceramic  superconductors  that  shed  their 
resistance  to  electrical  currents  at  record  high  temperatures  A  few  days 
before  Christmas,  Gubser  and  Wolf  decided,  in  Gubser's  words  "to 
stop  every  bit  of  research  we  were  doing"  and  focus  entirely  on  the 
new,  so-called,  hi  ^  transit!  on-temperaturesuperconductors(HTSC)t^ 

Gubser  and  Wolf  were  I  ucky  to  have  been  at  N  RL.  Although  they 
knew  their  superconductivity  physics  they  didn't  know  much  about 
making  ceramics  But  they  were  ableto  make  up  for  their  own  limita- 
ti  ons  by  draw!  ng  upon  the  experi  ence  of  N  RL's  materi  al  s  researchers 
With!  n  days,  Gubser,  Wolf,  and  a  pai  r  of  post-docs  were  gri  ndi  ng  i  n- 
gredients,  mixing  the  resulting  powders,  and  then  sintering  the  mix 
into  wafers  ready  for  testing.  Whenever  they  made  a  new  material, 
they  coul  d  draw  on  thei  r  years  of  experi  ence  to  determi  ne  what  i  n  fact 
they  had  made 

The  little  nucleus  of  NRL  scientists  that  had  begun  working  on 
the  i  nstantly  famousfi  el  d  of  hi  gh-temperaturesuperconducti  vi  ty  were 
joined  by  hundreds,  then  thousands  of  scientists  around  the  world. 
There  was  no  hotter  topicin  sciencein  1987  than  superconductivity. 
Tim  Coffey  appointed  Gubser  to  oversee  the  expanding  NRL  effort 
and  Gubser  and  his  close  colleagues  found  their  own  profile  within 
the  Navy  on  the  rise  When  the  Chief  of  Naval  Research  wanted  to 
find  out  whythescientificcommunity  was  goingso  bonkers  and  what 
theNavywasdoingaboutit,  Gubser  and  Wolf  weretheoneshesou^t 
out. 

It  only  took  a  few  years  before  researchers  began  to  realize  that 
these  very  exciting  materials  some  of  which  remained  superconduc¬ 
tive  at  temperatures  above  130  K  (-336°  F),  also  would  prove  exceed¬ 
ingly  difficult  to  convertinto  practical  forms  Ceramics,  after  all,  are 
I  i  ke  rocks  They  are  britti  e  and  hard  to  form  i  nto  the  ki  nds  of  useful 
shapes  like  wires,  that  you  might  want  for  electrical  systems  or  for 
windings  to  make  motors  The  task  shifted  from  merely  finding  new 
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materi al s  to  devd opi  ng  some  way  of  coerd  ng  these  cerami  cs  to  be¬ 
have  more  like  metals  when  it  came  to  their  mechanical  properties 
and  to  manufacturability. 

Gubser  recal  Is  that  he  had  to  wal  k  a  fi  ne  I  i  ne  between  opti  mism 
and  realism.  Hefeltitwashisresponsibilityto  point  out  to  sponsors 
and  Navy  leadership  in  and  beyond  NRL  that  these  new  supercon¬ 
ductors  had  their  difficulties  and  did  not  constitute  a  clear  ticket  for 
thi  ngs  I  i  ke  faster  shi  ps  Yet  if  he  went  too  far  with  that  ki  nd  of  real  ity- 
checking,  funding  for  the  work  could  disappear.  A  lot  of  the  early 
f u  n  d  i  n  g  came  fro  m  th  e  Strategi  c  D  ef en se  I  n  i  ti  ati  ve  G  u  bser  recal  I  s  th  e 
fi rst  and  very  remarkabi e  meeti ng  SDI  offi ci als  asked  him  to  attend. 
"I  walked  right  in  and  they  said  we  are  going  to  give  Don  Gubser 
there  from  the  N  avy  a  budget  of  fi  ve  mi  1 1  i  on  dol  I  ars  to  do  research 
th  i  s  year  and  then  we're  goi  ng  to  i  ncrease  i  t  to  ten  mi  1 1  i  on  thefol  I  ow- 
ing  year,  and  then  up  to  30  and  40  ...  "  The  Defense  Advanced  Re¬ 
search  Projects  Agency  also  became  a  sponsor  of  NRL's  superconduc¬ 
tivity  work.^® 

Thefunding  never  did  ratchet  upward  as  dramatically  as  the  SDI 
offi  ci  als  had  suggested,  but  enough  money  di  d  fl  ow  to  get  N  RL's  su¬ 
perconductivity  research  effort  onto  a  steady,  secure  basis,  which  is 
justwhat  Gubser  knew  would  beneeded.  In  theyears since theinitial 
breakthroughs  of  the  mid-1980s,  Gubser  says  NRL  has  honed  its 
strength  in  those  areas  that  will  give  it  a  good  footing  for  the  long 
haul  that  will  be  necessary  before  new  classes  of  high-temperature 
superconductorsbecomeroutinecomponentsoftheoperational  Navy. 
"Our  strongest  effort  is  inthefundamentalSy  understandingthemecha- 
nism  (of  superconductivity),  and  understanding  the  fundamental 
properties  of  the  materi  als,"  Gubser  says. 

Which  is  not  to  say  NRL  has  been  ignoring  the  potential  applica- 
tionsofthesenew  materials  Not  by  a  long  shot.  High  on  thewish-list 
of  appi  i  cationsfor  thesuperconductorsfrom  the  begi  nni  ng  has  been 
new  electric  propulsion  for  ships  And  a  collaborative  project  with 
theNaval  Surface  Warfare  Center's  Annapolis  branch  to  replace  the 
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superconducti  ng  magnets  of  a  motor  ori  gi  nal  I y  desi  gned  usi  ng  con- 
ventional,  low-temperaturesuperconductorswith  magnets  made  out 
of  the  h  i  gh-temperature  superconductor  bi  smuth-stronti  um-cal  ci  um- 
copper-oxidejust  recently  resulted  in  the  world's  highest  power  su¬ 
perconducti  ng  motor  ever  made  with  hi  gh-temperature  superconduc¬ 
tors  The  motor  produced  320  horsepower  of  shaft  power  when  chilled 
with  liquid  helium  at  4.2  K  and  104  hp  when  chilled  with  the  less 
expensive  and  technically  easier  to  use  liquid  nitrogen  at  77  K.  The 
superconducting  wires  and  coils  were  made  by  an  industrial  partner 
in  the  project,  American  Superconductor,  to  thespecificationsof  the 
N  RL  an  d  N  SWC  sci  enti  sts^^ 

The  new  motor  is  just  onestep  toward  the  20,000  hp  motors  that 
submarines  need.  Still,  the  advance  is  cl  ear  evidence  that  the  kind  of 
patient  work  NRL  and  its  collaborators  are  undertaking  could  ulti¬ 
mately  yield  some  of  the  payoff  touted  by  visionaries  more  than  a 
decade  ago.  Besides  new  electric  propulsion  ^ems,  Gubser  and  his 
colleagues  hope  their  work  in  superconductivity  eventually  will  ap- 
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Experimental  high-temperature  superconducting  motor  developed  by  NRL 
in  collaboration  with  the  Naval  Surface  Warfare  Center 


322  ♦  Pushing  the  H  orizon 


ply  to  other  technologies  important  for  minesweeping,  energy  stor¬ 
age  communications,  and  radar. 

Even  if  noneof  NRL'sworkin  high-temperaturesuperconductors 
were  to  yield  applications  soon,  however,  Gubser  and  the  dozens  of 
other  NRL  researchers  who  have  kept  NRL  in  the  superconductivity 
game  have  been  doing  the  job  that  Jack  Brown  and  others  agree  is 
cruci  al — maki  ng  sure  that  the  N  avy  has  a  very  good  i  dea  about  what 
h  i  gh  temperatu re  su percon d u cti  vi  ty  real  I  y  mi  ght  be  abl  e  to  d o  i  f  an d 
when  i  t's  ready  for  pri  me  ti  me 

Pixels  of  Fire 

Superconductivity  isa  pixel  of  NRL's  recent  research  portfoliothat 
thrives  at  frigid,  cryogenic  temperatures  Fire  on  the  other  hand,  isa 
high-temperature  phenomenon  that  is  dreaded  by  a  floating  Navy, 
and  i  s  the  focus  of  another  i  mportant  pi  xel  of  N  RL's  bi  g  research  pi  c- 
ture  The  Laboratory's  present  research  program  on  fire  suppress! on 
stems  from  NRL's  earliest  days  when  the  originals  in  the  Chemistry 
Division  were  tasked  with  finding  out  how  to  reduce  fires  caused  by 
storage  batteri  es  on  submari  nes 

H omer  Carhart  is  a  seni or  sci entist  emeritus  i n  N  RL  Chemi str/s 
Division  and  the  Navy's  guru  on  fire  suppression.  He  has  56  years  of 
research  and  experience  behind  him  (see Chapters 6  and  9)  and  suc¬ 
cinctly  states  the  general  problem  for  a  Navy  full  of  ships:  "Ships  are 
floating  arsenals  which  are  densely  packed  with  explosives,  large  vol¬ 
umes  of  fuel  and  other  combustibles,  and  many  men,  who— in  case 
office  have  no  pi  ace  to  run.''^^ 

0  ne  of  the  Laboratory's  earl  y  successes  i  n  fi  re  suppress!  on,  whi  ch 
Carhart  describes  from  first-hand  memory,  came  out  of  work  done 
during  WWI I .  That's  when  Dick  Tuve  and  co-workers  developed  the 
"bean  soup"  fire  suppression  system.  It  consisted  of  a  protein-rich 
concentrate  prepared  from  such  ingredients  as  feathers  fish  scales, 
and  soybean  residuethat  was  mixed  with  water  and  then  sentthrough 
a  special  nozzlethat  aerated  the  mixture  The  result:  thick  foam  that 


chapter  11  -  pixels  of  a  very  big  picture  ♦  323 


can  bl  anket  and  snuff  out  burningfud.  After  thewar,  NRL  researchers 
and  i  ndustry  col  I  aborators  devd  oped  anew,  more  chemi  cal  I  y  soph!  s- 
ticated  version  of  the  "bean  soup"  known  as  Aqueous  Film  Forming 
Foam  (AFFF).  In  response  to  the  disastrous  fires  on  the  USS  Forresta/ 
and  USSEnterphseinthel960sand  1970s,  NRL  devd  oped  and  hdped 
the  Naval  Sea  Systems  Command  (NAVSEA)  adapt  the  AFFF  system 
to  fl ow  through  a  shi p's spri nkl er  nozzi es— whose ori gi nal  i ntenti on 
was  for  protection  against  nuclear,  biological,  and  chemical  weap¬ 
ons— and  quench  fl  i  ght  deck  fi  res^^ 

The  concept  was  i  mpl  emented  qui  ckl  y  by  the  N  avy  and  then  by 
other  sectors  of  society  "AFFF  systems  are  now  used  throughout  the 
world,"  Carhartsays.  Purple-K-Powder,  or  PKP,  i s another  NRL-devd- 
oped  fire  suppress! on  system— this  one  a  dry  chemical  thathdpsto 
reduce  the  fire's  heat  output  and  therefore  slow  down  its  spread— 
that  has  found  worldwide  use^^  And,  Carhart  notes,  all  major  air¬ 
ports  have  AFFF  systems  on  hand  for  emergencies 

The  more  contemporary  phase  of  N  RL's  fi  re  suppress!  on  i  nnova- 
tions  has  been  accomplished  with  a  variety  of  testing  facilities  that 
can  bridge  the  crucial  gaps  between  theory,  laboratory  tests,  and  real 
fi  res.  "We  are  sti  1 1  too  i  gnorant  of  fi  re  behavi  or  to  be  abl  e  to  extrapo- 
late  directly  from  the  laboratory  bench  to  the  real  world,"  Carhart 
warns 0  netest  faci  I  ity  at  N  RL's  Chesapeake  Bay  Detachment,  cal  I  ed 


A  helicopter  applies 
N  RL-developed  "light 
water"  to  suppress 
an  aircraft  fire. 
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H  omer  Carhart  with  his 
unmistakabie  handiebar 
mustache 


Fi  re  I ,  i  s  a  pressuri  zed  chamber  speci  al  I y  sui ted  for  i  n vesti  gati  ng  fi  re 
risks  and  eval  uati  ng  new  fi  refighti  ng  protocoisfor  thesubmari  nefleet. 
And  since  its  dedication  in  1987,  the  457-foot,  9,000-ton  ex-USS 
Shadwell,  which  is  moored  at  the  U.S.  Coast  Guard's  Fire  and  Safety 
Detachment  in  Mobile  Alabama,  has  provided  NRL  and  the  Navy 
with  a  full -scale  floating  test  bed.  (The  WWI I -era  ship  was  named  af¬ 
ter  the  house  near  Chari  ottesvi  1 1  e  Vi  rgi  ni  a,  i  n  wh  i  ch  ThomasJ  efferson 
was  born  in  1743.  The  house  was  destroyed  by  fire  in  1770). 

Everything  about  a  ship  that  is  important  when  it  comes  to  dam¬ 
age  control  is  maintained  on  the S/?adi/i/e//— ventilation,  heating  and 
ai  r  condi ti oni  ng,  el  ectri  cal  systems*  I  i  ghti  ng,  i  nternal  communi  cati  ons 
The  lessons  learned  from  tests  on  theShadi/i/e//  regularly  become  im¬ 
portant  parts  of  the  operati  onal  N  avy  i  n  the  form  of  damage  control 
equipment,  materials  specifications  (so  that  materials  I  ike  fuels  and 
insulation  can  be  chosen  to  minimize  fire-based  risks)  and  in 
fi  refi  ghti  ng  and  damage  control  documentati  on  and  trai  ni  ng. 

Success  in  the  fire  suppression  research  and  development  busi¬ 
ness  comes  i  n  the  form  of  fi  res  that  don't  start,  or  i  n  Carhart's  words 
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"the  nonfi  re";  fi  res  that  don't  get  out  of  hand;  or  fi  res  that  get  out  of 
hand  later  than  they  would  havewithout  the  additional,  research-de¬ 
rived  knowledge  "Themoresuccessful  we  are  the  I  ess  we  have  to  show 
for  it,"  Carhart  says  "You  can't  document  a  disaster  that  doesn't  hap¬ 
pen. 

Solar  Pixels 

Fire  has  everything  to  do  with  another  pixel  of  NRL's  research  port¬ 
folio-solar  physics.  Like  fire  research,  its  roots  extend  to  the 
Laboratory's  earl  i  est  years  when  the  I  i  kes  of  Tayl or  and  H  ul  hurt  were 
I  earning  about  the  way  the  Sun  interacts  and  molds  the  ionosphere  a 
start  that  Fri  edman,  Tousey,  and  thei  r  col  I  eagues  woul  d  I  ater  bui  I  d  upon 
as  soon  as  they  could  put  solar  radiation  measuring  instruments  on 
rockets  in  the  1940s  The  tradition  of  making  ever  better  and  more 
reveal i  ng  measurements  of  solar  activity  has  never  been  broken. 

One  of  NRL's  most  consequential  modern-day  extensions  of  this 
trad  itioninsolarphysicsisintheformoftheLargeAngleand  Spectro- 
metri  c  Coronograph  ( LASCO ) .  N  RL  bui  1 1 LASCO  i  n  col  I  aborati on  with 
groups  from  England,  France  and  Germany.  The  instrument's  three 
corona-viewing  telescopes  have  been  aboard  the  orbiting  Solar 
Fleliospheric  Observatory  (SOFIO),  which  NASA  and  the  European 
Space Agencyjointly  launched  on  December  2, 1995.^^ 

Since  it  began  sending  back  data  in  1996,  LASCO  has  been  con- 
ti  nuousi y  reveal  i  ng  new  detai  I s about  theturbul ent  and  dramati  c  con- 
ditions  in  the  Sun's  corona,  which  begins  above  the  star's  seething, 
fi  ery  surface  and  extends  outward  from  there  The  i  nstrument  rel  i  es  on 
aspecial  occultingdiscthatcreatesapermanent artificial  eclipsesofar 
as  the  i  nstrument's  detectors  are  concerned.  That  way,  the  Sun's  more 
i  ntense  emissi  ons  cannot  swamp  out  weaker  si  gnals  emanati  ng  from 
the  corona. 

The  magazine /Aw'at/on  Week  and  Space  Technology  described  one 
category  of  the  discoveries  being  made  with  LASCO  in  their  May  6, 
1996  cover  feature.^®  The  arti  cl  e  i  ncl  uded  a  seri es  of  four  LASCO  i  m- 
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ages  taken  over  a  period  of  8  hours  during  which  mi  1 1  ions  of  tons  of 
solar  material  wereqectedfromtheSun'sequatorial  surface  at  a  speed 
of  341  miles  per  second.  Bytheend  ofthesequence  theejected  mate¬ 
rial  had  traveled  10  million  miles,  or  about  one-ninth  the  distance 
fromtheSuntotheEarth.  'Toalmosteveryone'sastonishment,  LASCO 
found  equatorial  Sections  emitted  within  hours  of  each  other  from 
opposite  sides  of  the  Sun,"  wroteTufts  University  astronomer  Ken¬ 
neth  Lang  in  the  March,  1997  Scientific  American.^^  That  such  con¬ 
certed  action  occurs  on  such  avastscaleisstartlingand  not  yet  under¬ 
stood. 

Guenter  Brueckner,  head  of  NRL's  Solar  Physics  Branch  and  the 
Laboratory's  focal  point  on  the  LASCO  project,  says  that  the  LASCO 
data  is  leading  to  ways  of  predicting  when  coronal  mass  ejections 
(CME)  I  ike  these  occur  and  what  effects  they  will  have  on  and  near 
Earth.  "I  n  the  da^  precedi  ng  such  an  event,  multi  pi  e  magneti  c  I  oops 
appear  on  our  SO  HO  imagesoftheinner  corona.  They  tel  I  ustheSun 
isreorganizingitsmagneticfield,"  Brueckner  says  ^  Heand  otherre- 
searcherssurmisethatthis  reorganization,  which  hasthe  effect  of  con¬ 
centrating  material  alongcertain  magnetic  "streamer  belts"  in  the  Sun, 
destabi  I  i  zes  the  sol  ar  atmosphere  unti  I  these  bel  ts  bl  ow  open  to  form 
th  e  mass!  ve  q  ecti  ons 

Al  I  of  thi  s  basi  c  sol  ar  physi  cs  i  s  rel  evant  to  N  avy  concerns  After 
all,  ejected  coronal  material  constitutesthesolarwind.  And  research¬ 
ers  have  known  for  decades  that  the  solar  wind  affects  communica¬ 
tions  and  electrical  systems  on  and  near  Earth  as  well  as  aboard  space¬ 
craft.  But  until  LASCO,  Brueckner  says  "no  one  had  actuallyseen  the 
solar  wind  at  the  Sun. Since  human  audacity  has  yet  to  reach  the 
point  where  controlling  solar  activity  such  as  coronal  mass  ejections 
is  on  the  table  predicting  and  understanding  them  with  tools  like 
LASCO  remai  ns  the  goal .  "We  have  made  a  I  ot  of  progress  i  n  under¬ 
stand!  ng  how  CM  E's  evolve  where  they  come  from,  how  they  i  nter- 
actwith  theEarth,  and  that  has  enabled  us  to  comeup  with  reliable 
forecast!  ng  of  I  arge  geo  magneti  c  storms,"  Brueckner  says^^ 
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LA5C0  image 
showing  coronal 
mass  ejection  (CM  E) 
of  April  13,1997 


LASCO  images  also  repeal  whatishappeningdeepwithintheSun's 
interior.  One  image  taken  on  August  21, 1996,  for  example;  shows  a 
luminous  helical  string  of  material  stretching  in  a  northwesterly  di¬ 
rection  (with  respect  to  the  observing  instrument)  as  though  itwerea 
spri  ng  that  someone  had  pul  I  ed  outward.  The  magneti  c  forces  gener- 
ati  ng  thi  s  coronal  structure  begi  n  i  n  convecti  ve  moti  ons  i  nsi  de  of  the 
Sun  that  get  swept  to  the  Sun's  surf  ace  There  thisswirling  convective 
energy  gets  vented  outward,  leading  to  the  format!  on  of  helical  fila¬ 
ments  It's  all  just  the  latest  installment  in  NRL's  perpetual  study  of 
theSun  and  its  effects  on  the  Earth  and  Naval  operations 

Chaotic  Pixels 

Gargantuan  e-entssuch  asthecoronal  mass  Sections  NRL's  LASCO 
team  i  s  i  nvesti  gati  ng,  as  wel  I  as  the  more  terrestri  al  chal  I  enge  of  un¬ 
derstand!  ng  fi  res,  are  exercises  in  understanding  chaotic  situations  A 
rel  ati  vel  y  new  pi xel  of  N  RL  research  focuses  on  a  burgeon!  ng  and  sti  1 1 
unproved  field  of  science  often  known  for  short  as  chaos  Chaos  in 
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this  context  does  not  refer  to  happen!  ngsseenningly  devoid  of  rhynne 
or  reason.  On  the  contrary,  it  refers  to  compiexand  hard-to-quantify 
phenomena  whose  specific  behavior  nonetheiess  is  definabie  with 
mathematicai  darity 

Chaos  scientists  i  nvestigate  a  huge  range  of  seemi  ngiy  disparate 
phenomena,  fromthedectronicfiuctuations  within  circuitrytochang- 
i  ng  ani  mai  popuiations  and  from  heart  rhythms  to  weather  patterns. 
Though  different  in  physicai  and  materiai  circumstances,  the  behav¬ 
ior,  or  dynamics,  of  such  phenomena  often  unfoidsaccordingtosimi- 
iar,  often  mathematicai iydefinabieruies  So  many  phenomena  once 
thought  to  betoocompiexto  predict  indeed  maybepredictabie  even 
controiiabie  as  Louis  Pecora  and  his  coiieagues  have  been  proving. 

Pecora,  who  came  to  NRL  in  1977  to  work  as  a  post-doctorai  as¬ 
sociate  in  the  Materiais  Physics  Branch,  has  become  a  weii -known 
part  of  the  chaos  research  communityin  thedecade  si  nee  he  entered 
it.^^  Hestarted  out  as  a  materiais  scientist  using  a  rather  arcanetech- 
ni  que  i  nvoi  vi  ng  positrons  (the  anti  parti  ci  e  of  d  ectrons)  for  probi  ng 
the  i  nternai  mi  crostructures  of  materi  ai  s  But  by  the  mi  d-1980s  Pecora 
had  becomesmitten  with  thefidd  of  noni  inear  dynamics,  which  sub¬ 
sumes  the  sci  ence  of  chaos  Ti  mothy  Coffey  was  ai  so  convi  need  that 
itwouid  be  a  good  idea  for  the  Laboratory  to  devdop  its  own  exper¬ 
tise  in  thefidd.  So  in  the  mid-1980s,  Pecora,  aiong  with  Thomas 
Carroi  i ,  who  Pecora  hi  red  as  a  post-doc,  were  on  thd  r  way  i  nto  new 
territory. 

They  started  off  by  i  nvesti  gati  ng  a  magneti  c  materi  ai ,  yttri  um  i  ron 
garnet  (YiG),  which  the  Navy  had  used  for  many  years  in  radar  and 
other  systems  because  it  automaticaiiy  stops  an  dectromagnetic  sig- 
nai,  such  as  an  enemy's  anti  radar  jamming  si  gnai,  from  entering  and 
biowing  out  sensitive  dectricai  equipment  if  that  signai's  power  ex¬ 
ceeds  a  safe  range  That  kind  of  sudden  cut-off  behavior  pi  aces  this 
magn eti  c  materi  ai  sq u ard  y  wi  th  i  n  th e  reai  m  of  n o n  i  i  n ear  dyn ami  cs 

The  NRL  group's  concern  was  to  try  and  better  characterize  the 
materi ai's  behavior  right  near  its  normai  cut-off  i i mi t,  which  in  fact 
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di spl  ayed  errati  c  tendenci es,  someti  mes  cutti  ng  off  at  hi  gher  powers, 
sometimes  at  lower  ones.  Pecora's  and  Carroll's  colleague  Fred 
Rachford,  suggested  that  the  group  look  especially  carefully  at  the 
material  at  power  levels  approaching  those  at  which  the  material's 
behavior  becomes  erratic.  It  was  the  kind  of  work  that  conceivably 
could  lead  to  better,  more  predictable  signal-limiting  technologies, 
which,  in  turn,  could  help  engineers  design  more  capable  and  reli- 
abl  e  radar  and  other  mi  I  itary  systems  Thei  r  efforts  I  ed  i  n  December, 
1987  to  a  paper  i  n  the presti  gi  ousPhya'cal  Review  L etters,^  whi  ch  Pecora 
believes  helped  establish  NRL  in  the  nonlinear  dynamics  research 
community. 

N  ow  that  they  had  gotten  thei  r  feet  wet,  they  began  thi  nki  ng  more 
broadly  about  topics  that  both  would  interest  them  and  the  Navy. 
'Tom  and  I  were  searching  for  other  things  to  do  with  chaos  and  we 
started  to  talk  about  communications,"  recalls  Pecora.^^  What  came 
out  of  that  tal  ki  ng  was  the  i  dea  of  synch roni zi  ng  el ectroni  c  fl  uctua- 
tion  in  physically  separated  circuitry  of  sending  and  receiving  equip¬ 
ment.  Says  Pecora:  "We  knew  we  coul  d  characteri  ze these  chaoti  c  ays- 
terns  [scientifically],  but  we  thought  it  would  be  really  neat  if  you 
could  show  somebody  how  to  usethem."^® 

They  devel  oped  the  i  dea  further.  Thei  r  goal ,  I  oosel  y  defi  ned,  was 
twofol  d:  fi  rst  they  hoped  to  fi  nd  ways  of  expl  oi  ti  ng  chaoti  c  el  ectroni  c 
fl  uctuati  ons  i  n  transmi  tters  i  n  order  to  scrambi  e  or  encrypt,  a  si  gnal 
carryi  ng  a  message;  then  they  hoped  to  fi  nd  a  way  to  synchronize  the 
chaotic  fluctuations  in  the  receiver's  circuitry  with  thoseofthetrans- 
mitter.  The  result  would  bea  brand  new  channel  of  secure  communi¬ 
cations 

That  idea  was  good  enough  forCoffeyto  approve  additional  fund¬ 
ing.  Soon  thereafter,  the  researchers  were  wheeling  an  oscilloscope 
and  some  homemade  circuitry  down  to  the  Director  of  Research's 
offi  ce  to  show  hi  m  i  n  no  uncertai  n  terms  that  they  were  maki  ng  real 
headway.  There  were  other  good  si  gns.  The  researcher's  patent  appi  i- 
cations  were  getting  approved— they  were  up  to  six  by  early  1998— 


330  ♦  Pushing  the  H orizon 


andtheirworkwasgettingwritten  up  in  popular  magazines  and  news¬ 
papers,  includingthel/l/asf?/ngton  PosfandSc/mceA/eivs,therebybring- 
i  ng  good  vi  si  bi  I  ity  to  the  Laboratory.^^ 

The  work  recently  has  begun  extending  beyond  the  Laboratory. 
"Many  vari ati onsof  synch ronizati on  schemes arenow  bei ngtried  with 
many  attempts  to  apply  the  results  to  communications  systems," 
Pecorasays^®  What's  more  Dynetics,  Inc,  aHuntsville  Alabama  firm, 
signed  a  Cooperative  Research  and  Development  Agreement  with  the 
Laboratory  to  explorethe  use  of  chaos  synchronization  asa  basisfor 
providing  secure  communication  on  notoriously  insecure  cellular 
phones.®® 

There  are  no  guarantees  that  Dynetics,  the  Navy,  or  anyone  else 
wi  1 1  successful  I  y  convert  any  of  thi  s  work  on  control  I  i  ng  chaos  i  nto 
new  secure  communications  systems  But  the  effort  serves  an  equally 
important,  albeit  less  tangible  rolefor  a  laboratory  charged  with  re¬ 
maining  on  the  I  eadi  ng  edges  of  sci  enceand  technol  ogy  For  onethi  ng, 
bystudyingtheimpactof  chaoticbehavioron  Navy  systems,  research¬ 
ers  at  least  can  help  engineers  avoid  or  manage  chaos  when  it  be¬ 
comes  troublesome  At  best,  however,  their  work  could  create  a  new 
I  eadi  ng  edge  by  i  mprovi  ng  exist!  ngtechnol  ogi  esor  by  I  eadi  ngto  brand 
new  ones  yet  to  be  imagined. 

"Present  applications  should  be  viewed  asjust  scratching  thesur- 
face"  remarks  Pecora."*®  Besides  magnetic  material  sand  electronic  cir¬ 
cuitry,  researchers  have  shown  that  chaos  theory  and  nonlinear  dy¬ 
namics  are  applicable  to  analysis  of  lasers,  heart  activity,  andthebio- 
medical  course  of  vaccines,  among  other  phenomena.  In  that  sense 
the  work  by  Pecora's  group  fits  snugl  y  i  nto  J  ack  Brown's  vi  ew  of  N  RL 
as  a  pl  ace  for  creati  ng  benefi  ci  al  technol  ogi  cal  surpri  ses  and  for  pre¬ 
empt!  ng  ones  that  coul  d  prove  harmful . 

Digtal  Pixels 

Pecora  and  his  colleagues  are  doing  their  bit  to  keep  the  Navy 
informed  about  how  chaos  might  beimportant  for  future  communi- 
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cations  ^enns  That  places  their  work  in  a  much  bigger  portion  of 
NRL's  big  picture— information  science  and  technology.  It's  an  area 
that  N  RL  has  become  i  ncreasi  ngl  y  committed  to  si  nee  the  I  ate  1960s 
when  the  Navy,  including  Alan  Berman  and  NRL,  was  learning  how 
information-intensive  data-intensive  and  computationally  intensive 
wasthechal  lengeof  bui  I  di  ng  effect!  ve  countermeasures  to  new  threats 
such  ashigh-speed,  low-flying  anti  ship  missiles 

One  very  visible  sign  of  N  RL's  foray  i  nto  information  technology 
i  s  a  starki  y  white  bui  I  di  ng  on  the  grounds  of  Bol  I  i  ng  Ai  r  Force  Base  1 1 
used  to  house  the  Laboratory's  cyclotron  but  since  1981  it  has  been 
home  to  the  N  avy  Center  for  AppI  i  ed  Research  i  n  Arti  fi  ci  al  I  ntel  I  i  gence 
( N  CARAI ) .  'That  was  di  recti  y  created  by  Rear  Admi  ral  A.J .  Baci  occo, 
then  Chief  of  Naval  Research,  who  thought  [artificial  intelligence] 
would  become  very  important,"  remarks  Randal  I  Shumaker,  superin¬ 
tendent  of  the  I  nformati  on  Technology  Divi si  on.'^^  The  general  ai  m  of 
researchers  at  N CARAI  is  to  develop  computers  and  robotic  systems 
that  are  more  human-like— ^ems  that  can  learn  from  experience 
adapt  to  each  other  and  to  humans,  and  have  the  ability  to  carryout 
the  ki  nd  of  reason!  ng  requi  red  for  compi  ex  deci si  on-maki  ng. 

Another  sign  of  NRL's  commitment  to  information  technology  is 
theLaborator/sacquisition  of  leading-edge  parallel  supercomputers^^ 
NRL  currently  has  three  of  the  200  largest  computers  in  the  world. 
This  status  fol  I  ows  the  Laboratory's  I  eap  i  n  1986  when  it  became  the 
f i  rst  govern  ment  I  aborato ry  to  get  a  Th  i  n  ki  n g  M  ach  i  n e  on  e  of  th  e  ear- 
liest  massively  parallel  computers.  This  entry  into  parallel  computa¬ 
tion  was  part  of  a  DoD/DARPA  program  whose  goal  was  nurturing 
this  radically  different  style  of  computing  from  infancy  into  more 
mature  forms  that  could  push  the  envelope  of  many  other  technolo¬ 
gies  and  capabilities 

Those  efforts  have  evolved  into  new  supercomputational  capa¬ 
bilities  "We  are  working  on  protocols  to  let  large  numbers  of  enti¬ 
ties— including  real  peopleaswell  assimulated  aircraft  and  tanks,  and 
simulated  people— interactin  alarge scales! mulati on, "says Shumaker 
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by  way  of  exampl  0  ne  goal  of  thi  s  work,  whi  ch  DARPA  i  s  fund- 
i  ng,  i  s  to  devd  op  si  mul  ati  ons  that  can  handl  e  as  many  as  50,000 
entiti  es,  thereby  dwarfi  ng  any  pri  or  batti  efi  el  d  si  mul  ati  on  system  i  n 
potential  complexity. 

Shumaker  describes  another  set  of  leading  edge  capabilities  his 
di  vi  si  on  i  s  worki  ng  on  that  fal  I  under  the  new  worl  d  rubri  c  of  vi  rtual 
reality,  orVR.  Oneofthem  is  essentially  a  fantastically  modernized 
version  of  the  age-old  planning  table  in  which  military  leaders  pi  ay 
out  tactics  by  moving  little  models  of  tanks,  ships,  and  groups  of 
soldiers  I  ikeso  many  game  pieces  Only  with  theVR  table  Shumaker 
says  "you  can  use  electronic  models  with  real -time  data  feeding  in 
from  sensors  and  other  intelligence-gathering  systems"'"^  Those 
around  thetable  wear  data  gloves  and  special  headsets  that  let  them 
interact  with  the  simulated  environment,  say,  by  pointing  to  spots 
th  ey  wo  u  I  d  I  i  ke  en  I  arged  o  r  th  ro u gh  wh  i  ch  th  ey  wo u  I  d  I  i  ke  to  take  a 
simulated  walk.  The  system  has  worked  "extremely  well"  in  Marine 
exerd  ses,  says  Shumaker.  "We  are  on  the  verge  of  putti  ng  these  i  nto 
ships  and  elsewhere"'^^ 

In  another  leap  into  VR,  the  Laboratory  has  acquired  and  in¬ 
stalled  in  building  34  a  virtual  reality  facility,  dubbed  the  "grotto," 
which  isaboutasclosetothefamed  Holodeck  in  Star  Irek;  TheNext 
Generation  as  can  be  achieved  today.  "It'sa  room  with  projectors  in 
thefi  oors  and  wal  I  s  and  cei  I  i  ngs"  creati  ng  the  vi  rtual  envi  ronments, 
Shumaker  says.'^®  The  grotto  works  with  either  real-world,  or  simu¬ 
lated,  data  input  into  computers  that  convert  that  data  into  orches¬ 
trated  projections,  thus  creating  simulated  environments  in  three 
dimensions 

"Suppose  you  want  to  trai  n  fi  refi  ghters  how  to  deal  with  smoke 
and  heat  in  a  realistic  but  safe  setting,"  posits  Shumaker.  Thegrotto 
ought  to  hel  p,  he  answers.  "What  if  you  want  to  eval  uate  the  effec- 
tivenessof  anewweapon  or  tactic  but  don't  want  to  build  a  town," 
he  posi  ts  agai  n .  H  i  s  answer:  the  grotto.  But  mi  I  i  tary  setti  ngs  are  onl  y 
part  of  the  pi  an.  "How  would  you  like  to  get  inside  of  atomic  struc- 
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tureand  look  around  . . . 
or  I  ook  at  10,000  mi  I  es  of 
the  ocean  bottom,  and 
zoom  in  and  out  when 
you  want  to?'"^^  The  gad- 
getryand  "oh-wow"  char¬ 
acter  of  these  ki  nds  of  i  n- 
formation  technologies 
can  overshadow  thei  r  real 
value  On  the  other  hand, 
remarks  Shumaker,  if 
thesetechnol  ogi  es  I  ead  to 
better,  faster  military  decisions,  or  spawn  new  scientific  or  military 
insights,  they  also  could  becomecrucial  partsofthedynamic  by  which 
the  more  tense  and  violent  variety  of  world  eventsunfold.  Which  is 
why  the  Laboratory  i  s  maki  ng  sure  i  t  i  s  ri  ght  there  on  the  forefront  of 
VR  technologies 

Shumaker  points  out  another  kind  of  technology  in  the  works 
that  i s  anyth i ng  but  vi rtual  —swarms  of  ti  ny  unmanned  mi cro-ai  r  ve- 
hicles  (MAVs)  for  intelligence  and  battle  management— that  has 
brought  those  in  the  Information  Technology  together  with  many 
other  researchers  especially  those  in  the  Tactical  Electronic  Warfare 
Division.  "These  are  palm-sized  air  vehicles  with  small  payloads" 
Shumaker  says'^®  One  type  of  research  vehicle  aptly  known  as  the 
M ITE  (for  M  i  cro-Tacti  cal  ExpendabI  e) ,  has  a  si  x-i  nch  wi  ngspan,  wei  ^s 
i  n  at  three  ounces  and  has  a  payload  capacity  of  about  one  ounce 

Individually,  the  flying  widgets  might  not  be  able  to  do  much. 
But,  asks  Shumaker,  "what  if  you  wanted  to  search  for  tanks  i  n  a  for¬ 
est.  You  might  let  loose  a  swarm  of  50  of  these  to  basically  roam 
around. This  kind  of  new  military  ^em  can  only  emerge  from 
combined  expertise  in  such  widely  disparate  areas  as  lightweight  sen¬ 
sors  battery  technology,  propulsion,  search  protocols,  new  materials 
robotic  control,  and  communications  Not  only  does  it  fit  within  the 
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Laboratory's  mission  to  preempt  military  surprises  but  it's  the  kind 
of  project  that  stands  a  chance  of  becoming  more  than  just  a 
technophi  I  e's  dream  pri  marl  I y  because  of  N  RL's  kal  ei  doscopi  c  exper- 
tise 

Internet  Pixels 

Lee  H  ammarstrom,  an  engi  neer  i  n  N  RL's  executi  ve  di  rectorate  i  s 
another  champion  of  information  technology.  Double-hatted  as  chief 
scientist  of  the  National  Reconnaissance  Office  Hammarstrom  iden¬ 
tifies  his  own  forte  as  "systems  engi  neeri  ng  of  real  I y  bi  g  systems"— 

I  i  ke  the  new  social  I  ytransformi  ng  "big"  ^em  known  asthel  nternet.^° 
Yet  even  the  Internet  in  its  present  form  cannot  begin  to  move  the 
enormous  i  nformati  on  products,  such  as  i  magery  and  data  from  sen¬ 
sors  and  satellites,  that  U.S.  military  and  intelligence  organizations 
requi  re  for  I  nformati  on  Super!  ority  i  n  the  modern-day  "i  nformati  on 
race" 

Formally  known  as  the  "Global  Grid"  since  1990,  this  next-gen¬ 
eration  information  infrastructure  is  in  the  process  of  becoming,  in 
Hammarstrom's  words,  "orders  of  magnitude  beyond  the  present 
Internetin  speed  and  richness  of  protocol  By  "richness  of  proto¬ 
cols,"  he  means  the  way  computers  talk  to  one  another  and  theways 
telephony,  e-mail  systems,  data  links,  video  and  other  forms  of  data 
and  communications  all  linktogether.  "Thisisthekeyto  information 
superiority"  for  the  Department  of  Defense  Hammarstrom  says.®^ 
Hammarstrom  and  several  dozen  other  NRL  researchers,  as  well  as 
many  others  throughout  Government,  academia,  and  industry  have 
been  working  to  realize  this  goal. 

TheGlobal  Grid  has  been  under  continuous  construction  for  sev¬ 
eral  years  It  isa  combination  of  existing  and  newly  developed  physi¬ 
cal  components  such  as  satellites,  optical  fiber,  computers,  datastor¬ 
age  systems,  and  switches,  as  well  as  a  range  of  encryption,  security, 
communications,  management  protocols  and  other  procedures  that 
ensure  the  whol  e  system  can  meet  the  needs  of  the  i  ntel  I  i  gence  and 
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military communitiesthattheGlobal  Grid  initiallyhasbeen  designed 
to  serve 

An  illustration  of  just  how  far  advanced  Global  Grid's  designers 
intend  it  to  be  is  the  rate  at  which  a  copy  of  the  film  Jurassic  Park 
could  be  downloaded.  Using  today's  faster  household  modems  (56 
kilobits' second),  the  transfer  would  take  about  5  days  The  transfer 
would  take  about  2  days  using  an  ISDN  (integrated  services  digital 
network)  link.  Using  the  Global  Grid  technology,  which  already  has 
been  extensively  implemented  throughout  U.S.  military  and  intelli¬ 
gence  i  nstal  I  ati  ons  that  transfer  woul  d  take  onl  y  3  mi  n utes  ( at  a  rate 
of  155  megabits/ second).  At  the  10  gigabit/ second  rate  which  the 
more  mature  Global  Grid  will  have  the  entire  movie  would  down¬ 
load  in  2  seconds^^ 

TheGlobal  Grid  initiativealso  involveshowtheinformation  cours 
ingthrough  thegrid  interfaces  with  people  Hammarstrom  points  out 
that  the  initiative  has  been  ushering  along  technologies  that  enable 
inclusion  in  theGlobal  Grid  of  protocols  and  hardware(such  as  new 
cameras),  which  can  allow  high  definition  television  (HDTV)  visual¬ 
ization  to  work  seamlessly  in  both  television  and  computer  monitor 
formats 

"NRL  has  provided  the  key  technical  leadership  in  defining  and 
devel  opi  ng  these  next-gen erati  on  capabi  I  iti  es,"  H  ammarstrom  says^'' 
Considertherolethat  Henry  (Hank)  Dardy,  chief  scientist  in  the  In¬ 
formation  Technology  Division's  Centerfor  Computational  Science 
has  been  playing  in  the  emergence  of  the  Global  Grid.  Dardy  has 
been  combining  concepts  of  parallelism  in  computers  with  gargan¬ 
tuan  and  ever-growi  ng  i  nformati  on  systems  I  i  ke  the  I  nternet.  The  re 
suit,  says  Hammarstrom,  has  been  the  development  of  some  new 
hardware  and  a  lot  of  information-handling  protocols  that  shuttle 
almost  incomprehensible  amounts  of  data  at  almost  incomprehen¬ 
sible  speeds 

A  main  pillar  of  thisci  aim  has  do  with  a  protocol— called  A^- 
chronous Transfer  Mode  (ATM)— of  breaking  up  all  kinds  of  infor- 
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mation  traffic  (voice  video,  data,  or  whatever)  into  uniform  packets 
that  can  be  more  efficiently  and  rapidly  sent  and  reassembled  across 
an  i  nternati  onal  network  of  switches  sped  al  ly  desi  gned  for  the  ATM 
protocol .  Dardy  was  a  central  player  in  working  with  specialty  com¬ 
panies  to  get  the  necessary  switches  designed  and  builttosell  ataf- 
fordabl  e  pri  ces  "H  ank  was  the  fi  rst  to  make  real  hardware  out  of  the 
ATM ,"  H  ammarstrom  says^^  H  e  al  so  hel  ped  transfer  ATM  tech  nol  ogy 
to  compani  es  I  i  ke  Fore  Systems  and  Yuri  eSystemsso  that  theswitches 
would  become  widely  available  Such  switches  already  have  helped 
manage  vast  amounts  of  military  information  in  Bosnia,  Haiti,  and 
elsewhere^® 

Dardy  says  that  ATM  technol ogy  provi des  a  versati  I  e  framework 
whose  compatibility  with  so  many  old  and  new,  commercial  and 
military  systems  explains  why  it  has  been  integrating  with  relative 
ease  and  swiftness  into  the  next-generation  information  ^ems  in 
military  and  intelligence  settings  With  ATM  technology  already  dif¬ 
fusing  into  dedicated  military  and  intelligence  networks  and  increas 
ingly  through  industry,  academic,  and  other  government  sectors 
Hammarstrom  believes  this  pixel  of  NRL  research  will  have  an  "enor¬ 
mous  impact"  for  both  the  military  and  civilian  sectors 

H  e's  not  theonly  onesayi  ng  such  thi  ngs  about  the  rol  e  ATM  tech¬ 
nol  ogy  i  s  havi  ng.  "The  network  has  cut  theti  meto  compi  I  eand  bui  I  d 
products  by  orders  of  magnitude"  says  Annejorefsburg,  manager  of 
Microsoft's  Information  Technology  Group.  And  UUNet,  one  of  the 
world's  major  Internet  carriers  also  h  as  implemented  the  new  switch - 
i  ng  technol  ogy.  With  testi  mony  I  i  kethisand  a  modicum  of  boosterism, 
H  ammarstrom  vi  ews  Dard/s  and  N  RL's  work  as  fulfi  1 1  i  ng  a  maxi  m 
thatguideshisown  way  of  thinking:  "Don't  ride  the  wave  of  technol¬ 
ogy;  but  make  the  wave  and  shape  it. 

ElectronicWarf^e  Pixels 

It  is  ironic  how  ready,  almost  eager,  John  Montgomeryisto  speak 
about theTacti cal  Electronic WarfareDivisi on  (TEWD),  which  hehas 
been  running  si  nee  1985,  and  how  often  he  will  say  something  like 
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"the  details  of  what  we  did  are  not  repeatableto  this  day."^®  Such  is 
the  conundrum  with  telling  a  story  about  this  crucial  part  of  NRL's 
R&D  persona:  tales  from  TEWD  are  worthy  of  a  Tom  Clancy  novel, 
but  the  best  ones  cannot  yet  be  tol  d  except  i  n  the  most  gray  and  gen¬ 
eral  hues  Anyone  can  go  to  the  division's  site  on  the  World  Wide 
Web  and  read  a  descri  pti  on  of  the  di  vi  si  on's  research  i  n  such  areas  as 
"Aerospace  El  ectronicWarfareSystems,"  "Offboard  Countermeasures" 
and  "Integrated  EW[  Electronic  Warfare]  Simulation."  You'll  even  find 
some  pretty  cool  pictures  and  a  handful  of  hieroglyphic,  acronym- 
riddled  lists  of  this  or  that  system,  gismo,  or  research  project.  But  a 
few  minutes  of  person-to-person  prying  invariably  yields  even  more 
interesting  results  "You  can  bet  that  any  piece  of  (enemy)  missile 
that  we  I  earned  about  after  a  batti  e  i  n  the  Persi  an  Gulf— that  we  wi  1 1 
look  at  it,  and  within  weeks  come  up  with  a  countermeasure  for  it," 
M  ontgomery  says  without  sayi  ng  much  more  by  way  of  detai  I .  "TEW 
i  sthe  bri  dge  between  peopi  e  out  there  i  n  the  FI  eet  and  the  researchers 
here  who  can  turn  the  need  for  a  capability  into  a  real  thing."®® 

Bill  Howell,  thedivision'sChief  Scientist,  recalls  one  request  that 
came  into  the  division  in  1988  from  the  Kuwaiti  government  during 
thewar  between  Iran  and  I  raq.®°  The  division  had  a  worldwide  repu- 
tati  on  for  bui  I  di  ng  decoys  capabi  e  of  defi  ecti  ng  heat-seeki  ng  and  other 
kindsof  something-seeking  missiles.  Heand  col  leagues  went  to  Ku¬ 
wait  with  the  missi  on  of  bui  I  di  ng  decoys  to  protect  the  country's  oi  I 
terminals,  which  had  the  unfortunate  trait  of  being  large  radar  targets 
in  the  Persian  Gulf.  That  had  the  more  unfortunate  consequence  of 
attracting  I  rani  an  missile  attacks. 

Theteam  qui  ckl  y  came  up  with  a  sol  uti  on— pyrami  d-shaped  fl  oat- 
ing  decoys  with  special  reflectors  and  other  components  that  magni¬ 
fied  their  appearance  in  the  eyes  of  radar  systems  as  well  as  to  the 
seeking  systems  of  the  hostile  missiles  Howell  and  the  rest  of  the 
team  I  ater  heard  from  thei  r  Kuwait  mi  I  itary  contacts  about  an  unex¬ 
pected  kind  of  evidence  that  thecountermeasures  were  effective  The 
story  that  came  back,  says  H  owel  I ,  i  s  that  "some  of  the  I  ocal  s,  other 
than  military,  made  small  replicas  [of  the  decoys]  and  were  wearing 
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them  on  thei  r  necks  and  putting  them  on  cars To  them,  the  repli¬ 
cas  must  have  symbolized  protection,  Howell  speculates 

This  kind  of  quick  response  work  is  part  of  the  culture  within 
TEWD.  For  Desert  Storm,  Montgomery  says,  "we  had  120  people 
working  on  projects  with  peopleon  cots  sleeping  on  thefloor,  work- 
i  ng  for  weeks  nonstop."®^ 

The  division  has  roots  way  back  to  the  1920s,  1930s,  and  1940s, 
when  NRL  radio  engineers  were  pioneering  intercept  and  jamming 
countermeasures  for  communications  and  then  later  radar  systems 
These  efforts  evolved  first  into  the  Countermeasures  Branch  of  the 
Radio  Division  in  1951,  which  enlarged  and  reorganized  in  the  mid- 
1960s  to  become  the  Electronic  Warfare  Division  before  becoming 
theTactical  Electronic  Warfare  Division  in  1970. 

In  aschematichistory of thedivision,  Allen  Duckworth,  director 
of  the  ENEWS  (Effectiveness  of  Naval  Electronic  Warfare  Systems), 
notes  that  the  growth  in  size;  funding,  and  capability  of  TEWD  "al- 
I  owed  the  chal  I  enges  of  threat  weapons  of  the  1970s  ( I  i  ke  heat  and 
other  kinds  of  homing  missiles)  to  be  equally  challenged  with  EW 
counter  technology."®^  Among  the  specific  countermeasures  TEWD 
had  been  developing  throughout  the  1970s  are  offboard  expendable 
^emssuch  towed  decoys  and  rapid-blooming  offboard  chaff  (RBOC) 
fo  r  su  bverti  n g  tracki  n  g  rad ars  ( J  o h  n  M  o ntgo mery  person al  I  y  worked 
on  thesein  arapid  responseproject  during  the  Vietnam  War);  power 
sourcessuch  as  batteries;  penetration  aids;  threat  simulation;  and  tech¬ 
niques  for  measuring  and  analyzing  the  effectiveness  of  electronic 
warfare  concepts. 

Throughout  the  1980s  and  until  the  present  day,  weapons  sys¬ 
tems  around  the  world  have  become  more  clever,  more  computer¬ 
ized,  morehigh-tech  in  general,  and  more  expensive  Moreover,  new 
kinds  of  information  warfare  began  to  enterthelist  of  serious  threats 
atatimewhen  communicationssystemsand  computers  were  increas¬ 
ing  in  power,  capacity,  and  sophistication.  So,  in  addition  to  such 
traditional  work  as  new  and  improved  versions  of  chaff,  jammers 
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Nobel  laureates  Herbert  Hauptman  (left)  and  Jerome  Karle. 


decoys  ( i  ncl  udi  ng  remotel  y  pi  I  oted  ones) ,  si  gnal  processi  ng,  and  i  den- 
tifi  cation  systenns,  TEWD  also  has  been  learning  howto  integrate  all 
of  these  with  command,  control,  communications,  and  intelligence 
systems  All  of  this,  Duckworth  points  out,  has  opened  the  way  si  nee 
the  1980s  for  the  "conception,  design,  and  implementation  of  future 
'i  ntel  I  i  gent'  systems 

John  Montgomery  says  that  he  would  love  to  tell  some  of  the 
moredramati  c  consequences  that  havecomefrom  TEWD  products  i  n 
thefield.  I  t'sjust  that  they  happen  to  be  classified.  In  some  ways,  the 
division  itself  is  I  ike  those  mi  ssi  I  eavoi  ding  tactics  its  researchers  have 
been  developing  for  decades  "Wearepublicityavoiders,  notseekers," 
Montgomery  says  "We  (and  the  users  of  our  products)  get  no  benefit 
from  publicity,  only  lots  of  risk."®^ 

Nobel  Pixels® 

And  then  there  are  those  particularly  bright  pixels  among  the 
Laboratory's  bi  g  pi  cturethat  fl  aunt  the  ri  ch  payoff  that  hascomefrom 
the  Laboratory's  post-WWII  decision  to  nurture  basic  science  along¬ 
side  its  older  culture  of  applied  science  and  engineering.  No  specific 
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pixel  could  bemoreemblematicofthisthan  theawardingofthel985 
N  obd  Prize  i  n  Chemi  stry.  1 1  went  to  J  erome  Karl  e;  who  at  80  remai  ns 
at  NRL  in  charge  of  the  Laboratory  for  the  Structure  of  Matter,  and 
H  erbert  H  auptman,  who  was  a  member  of  J  erome  Karl  e's  group  unti  I 
1961,  and  is  now  President  of  the  Hauptman-Woodward  Medical 
Research  Institute  in  Buffalo,  New  York. 

Karle  and  H auptman  recdved  thdr  award  in  1985  for  seminal 
work  they  and  Jerome  Karl  e'swife;  Isabdia  Karle;  had  begun  decades 
earlier  on,  in  Karle's  words,  "the structure  of  materials  at  the  atomic 
I  evd :  i  n  other  words,  the  determi  nati  on  of  the  arrangements  of  the 
atoms  in  the  materials."®^  Research  in  thephysical  sciences  cannot  get 
much  more  basic  than  that. 

I  sabd  I  a  and  J  erome  Karl  e  moved  to  Washi  ngton,  DC,  to  conti  nue 
thdr  careers  at  NRL  in  1946.  They  brought  with  them  experience  in 
using  the  analytical  technique  known  asdectron  diffraction  to  deter¬ 
mine  the  structures  of  molecules  in  the  gaseous  state  In  the  years 
priorto  thdr  arrival,  thetwo  had  completed  thdr  PhD  degrees  at  the 
University  of  Michigan  and  worked  on  theManhattan  Project  before 
taking  jobs  at  the  university.  Isabdia  taught  chemistry  and  Jerome 
worked  there  as  an  empi  oyee  of  N  RL  on  a  warti  me  proj  ect  for  N  RL's 
Chemistry  Division. 

The  Karl  es'  initial  work  was  to  improve  both  the  theoretical  foun¬ 
dation  of  dectron  diffraction  aswdi  as  the  instrumental  and  experi¬ 
mental  aspects  of  the  technique  "The  Naval  Research  Laboratory  af¬ 
forded  an  outstanding  opportunity  to  pursuethis  area,"  Jerome  Karle 
remarks®®  N  ot  onl  y  were  seni  or  members  of  the  Laboratory  support¬ 
ive  of  this  fundamental  work  even  though  there  was  no  guarantee  of 
a  payoff  for  the  Navy,  buttheLaborator/stop-notch  machinists  proved 
cruci  al  i  n  hd  pi  ng  the  Karl  e's  create  new  i  nstruments  and  i  mprovethe 
technique  in  record  time  "This  led  to  the  possibility  of  locating  the 
atoms  in  a  gaseous  molecule  with  high  accuracy,"  Karle  says®®  Key 
amongtheimprovementsintheorywastheuseoftheso-called  "non- 
n  egati  vi  ty  cri  teri  on , "  wh  i  ch  h  d  ped  si  mpl  i  fy  th  e  dau  nti  n  g  math  emati  - 
cal  aspects  of  the  technique 
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Herbert  Hauptman  joined  the  group  in  1947  with  a  background 
i  n  mathennati  cs  and  experi  ence  with  radar  whi  I e  servi  ng  i  n  the  N  avy. 
At  the  suggestion  of  Jerome  Karl  e  Hauptman  and  Karl  e  began  look¬ 
ing  i  nto  the  possi  bi  I  i  ty  of  appi  yi  ng  the  non-negati  vi  ty  cri  teri  on  to  the 
analysisof  moleculesin  crystal  structures  (rather  than  in  the  gaseous 
state)  using  X-rays  rather  than  electrons  It  was  a  fruitful  suggestion. 
Thetwo  i  nvesti gators qui  ckly  adapted  the mathemati csthe Karl  es had 
used  in  electron  diffraction  of  gasesforthecrystal  analyses  They  could 
not  have  known  it  at  the  time  but,  in  Karle's  words  "the  resulting 
conditions  were  such  that  they  contai  ned  a  major  part  of  themath- 
ematicsnoi/i/  employed  in  crystal  structure  determination."™  Indeed, 
at  the  time  there  were  still  major  problems  to  solve  the  most  chal¬ 
lenging  one  being  "the  phase  problem."  The  conditions  are  in  the 
form  of  mathematical  quantities  called  determi nantal  inequalities 
Work  on  special  inequalitiesof  significance  for  phase  determi  nation 
was  published  a  year  before  that  of  Karle  and  Hauptman  by  David 
Harker  and  John  Kasper,  then  at  the  General  Electric  Company. 

To  understand  the  phase  problem  in  X-ray  crystallography,  you 
first  have  to  havesomeideaof  how  X-ray  cr^al  I  ography  proceeds  In 
1993,  during  his  comments  at  a  75‘^  birthday  celebration  for  Jerome 
Karle;  H  erbert  H  auptman  explai  ned  thetechnique  about  as  cl  early  as 
anyone  might:  "A  source  of  X-rays  is  caused  to  strike  a  crystal,  the 
crystal  scatters  the  X-rays  i  n  different  di  recti  ons  and  the  scattered  X- 
rays  are  caused  to  strike  a  photographic  plate  [now  more  likely  an 
electronic  detector],  which  isbiackened  at  the  points  where  the  scat¬ 
tered  X-rays  stri  ke  the  photographi  c  pi  ate  The  amount  of  bl  ackeni  ng 
depends  on  the  i  ntensity  of  the  correspond!  ng  scattered  X-rays  The 
positi  ons  of  the  spots  on  the  photographi  c  pi  ate  are  a  measure  of  the 
different  directions  in  which  the  X-rays  are  scattered.  In  thisway,  the 
so-called  diffraction  pattern  of  the  crystals  is  obtained."^ 

The  actual  diffraction  pattern  itself,  however,  was  thought  to  be 
i  nsuffi  ci  ent  for  worki  ng  backwards  to  di  recti  y  i  nfer  the  mol  ecul  ar  struc¬ 
ture  of  the  crystal.  The  reason  for  this  I  imitation  was  that  the  spots  of 
an  X-ray  diffract!  on  pattern  yi  el  ded  data  about  the  I  ntensity  of  X-rays 
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scatteri  ng  from  the  crystal ,  but  not  the  phases  of  theX-rays  produci  ng 
the  pattern's  spots 

"The  phase  problem  isrelated  to  thefact  that  X-rays  travel  in  the 
form  of  a  wave  and  it  was  apparent  that  in  orderto  solve  crystal  struc¬ 
ture  problems  directly  it  was  necessary  to  know  at  what  part  of  its 
wave  motion  the  X-ray  wave  had  been  when  it  scattered  from  the 
crystal,"  expl  ai  ns  Jerome  Karl  e^  Without  that  knowledge  the  prob¬ 
lem  had  appeared  insurmountable  Thisdilemma  was  known  as  the 
phase  problem  and  seemed  at  the  time  to  bean  ineluctable  limita¬ 
tion  tothestructural  information  onecould  glean  from  X-ray  diffrac¬ 
tion. 

Karl e  and  Hauptman  showed  how  dead  wrong  that  assumption 
was  and  thereby  hel  ped  transform  X-ray  crystal  I  ography  i  nto  one  of 
the  most  powerful  analytical  tools  available  to  20*^  Century  scien- 
ti  sts  The  crux  of  the!  r  di  scovery  was  that  the  coveted  phase  i  nforma- 
tion  actually  was  present  in  the  X-ray  diffraction  patterns  all  along, 
only  ittook  some  mathematical  insightto  realize  it.  They  developed 
mathematical  procedures  by  which  they  could  extract  phase  infor¬ 
mation  from  the  intensities  recorded  in  the  diffraction  patterns  In 
other  words  they  had  found  a  way  to  beat  the  phase  problem,  a  nec¬ 
essary  step  for  transforming  X-ray  crystallography  into  a  priceless 
method-of-choicefor  di rectly  and  confidently  determi ni ng  molecu¬ 
lar  structures 

At  I  east  Karl  e  and  H  auptman  were  convi  need  of  that.  M  uch  of  the 
sci  entifi c  community  remai  ned  skepti  cal .  "[Sol  vi  ng]  the  phase  prob¬ 
lem  was  thought  to  be  impossible"  recalled  Dudley  Hersch bach,  a 
1986  Nobel-winning  chemist  at  Harvard  University.^^  sq  anybody 
claiming  to  have  solved  the  phase  problem  might  as  well  as  have 
been  claiming  to  squeeze  blood  from  a  stone  "I  shudder  to  think 
what  may  have  happened  to  thi  s  research  pro]  ect  had  the  admi  nistra- 
tors  of  my  program  felt  i  mpel  I  ed  to  act  on  the  j  udgment  of  the  crys¬ 
tal  I  og'aphi  c  community  regard!  ng  i  ts  val  ue"  Karl  e  recal  I  ed  I  ater,  add¬ 
ing  that "  . . .  the  phase  probi  em  was  regarded  as  i  nsol  ubi  e  even  i  n 
principle"^^ 
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Isabella  Karle,  recipient  in  1995  of  the  National  Medal  of  Science,  is  shown 
here  in  1963  preparing  a  crystal  for  analysis. 


The  first  kinds  of  crystal  structures  to  be  successfully  analyzed 
with  the  new  approach  were  ones  whose  molecules  contained  a  cen¬ 
ter  of  symmetry,  which  limited  the  complexity  of  the  anal>6is  The 
researchers  knew,  however,  that  mol  ecul  es  wi  th  centers  of  symmetry 
constituted  only  part  of  the  molecular  diversity  in  the  world.  They 
also  knew  that  using  X-ray  diffraction  for  analyzing  the  structures 
crystals  devoid  of  a  center  of  symmetry  would  require  additional  in¬ 
sights  and  ideas 

I  sabel  I  a  Karl  e  became  a  promi  n  ent  part  of  th  e  sto  ry  i  n  abo  ut  1956. 
She  quickly  mastered  the  experimental  procedures  of  X-ray  crystal¬ 
lography,  thereby  providing  the  Laboratory  its  own  data.  Her  first 
study  concerned  the  complex,  centrosymmetri c  crystal  of  p,p'- 
dimethoxybenzophenone,  whose  structure  she  solved.  After 
H  auptman  I  efttheg'oup  I  n  1961, 1  sabel  I  a  worked  cl  osely  with  J  erome 
on  a  more  general  methodology— cal  led  the  Symbolic  Addition  Pro¬ 
cedure— that  would  enableanalysisof  amuch  wider  rangeof  crystal 
structures  namely  the  determi  nation  of  the  structures  of  the  broad 
group  of  crystals  that  were  devoid  of  a  center  of  symmetry. 
N  oncentrosymmetri  c  crystal  s  are  of  sped  al  I  mportance  because  they 
include  to  a  large  extent,  the  molecules  of  life  The  Symbol icAddi- 
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tion  Procedure  was  also  much  more  effective  than  the  previous  meth¬ 
ods  with  those  crystals,  which  had  a  center  of  ^^metry. 

Th  ere  were  several  very  d  i  ff i  cu  1 1  pro  bl  ems  to  overco  me.  Th  ese  ei  - 
th  er  were  unique  to  non  centro^mmetri  c  crystal  s  or  the  probi  ems  were 
even  more  difficult  for  the  case  of  centrosymmetri  cones  Examples  of 
unique  probi  ems  were  the  discovery  of  useful  probabi  I  isti  c  formul  as, 
the  development  of  procedures  for  their  use  and  measures  of  their 
probabi  I  ity.  There  was  the  daunti  ng  fact  that  whereas  there  are  only 
two  possible  values  for  phases  in  centrosymmetri c  crystals  0°  and 
180°,  noncentrosymmetri  cones  can  have  any  val  ue  between  0°  and 
360°.  Anotheruniqueproblemarosefromthefactthat,  in  centrosym¬ 
metri  c  crystals,  the  usual  X-ray  diffract!  on  data  can  be  satisfied  by  two 
di sti  net  structures  whi ch  are  mi  rror  i  mages  of  each  other.  1 1  i s  neces 
sary  to  have  a  practi  cal  way  to  sel  ect  one  uni  quel  y  or  the  phase  deter- 
mi nation  will  fail.  Other  problems  that  had  to  be  overcome  arose 
from  thefact  that  ambi  guous  mathemati  cal  sol  uti  ons  normal  I  y  occur 
i  n  this  probabi  I  isti  c  methodol  ogy  and  steps  must  betaken  to  control 
the  degree  of  ambiguity.  Finally,  only  partial  structures  or  smal  I  frag¬ 
ments  often  are  obtained.  It  was,  evidently,  necessary  to  develop  a 
suitable  calculation  that  could  produce  a  complete  structure  from  a 
fragment  of  a  structure  The  del  i  cacy  of  the  i  nteracti  ons  among  these 
various  considerations  probably  accounts  for  thefact  that  it  took  at 
I  east  5  years  before  other  I  aboratori  es  began  to  pursue  i  nvesti  gati  ons 
of  noncentrosymmetri c  crystals 

During  the  1960s,  Isabella  was  using  the  method  to  determine 
various  non  centrosymmetri  c  crystal  structures,  work  that  inspired 
many  other  laboratories  to  adopt  the  procedures  By  the  end  of  the 
decade;  other  researchers  incorporated  the  programs  developed  for 
application  of  the  Symbolic  Addition  Procedure  into  their  codes  and 
added  the!  r  own  vari  ati  ons  Thereafter,  the  work  of  the  Karl  es  spread 
more  and  more;  often  hidden  inside  of  computer  codes  that  were 
hel  pi  ng  other  researchers  make  sense  of  the!  r  raw  X-ray  crystal  I  ogra- 
phy  data. 
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0  ver  th  e  years,  th  e  Karl  es  an  d  th  ei  r  CO  1 1  eagu  es  h  ave  so  I  ved  m  u  I  ti  - 
tudes  of  molecular  structures  One  important  early  example  was  for 
U-dsretinal,  a  moleculein  the  light  sensitive  cel  Is  of  the  eye  that  is 
pivotal  in  the  translation  of  light  energy  into  neural  signals  that  the 
brain  can  process  Thestructural  data  that  resulted  waskeyin  helping 
vision  scientistsuncoverthedetailed  physical  mechanisms  by  which 
thismoleculeworksits visual  wonders.  At thesame time  Barry Honig 
and  Martin  KarpI  us  of  H  arvard  University  were  performing  theoreti¬ 
cal  calculations  on  cisretinal.  The  X-ray  diffraction  and  theoretical 
results  were  i  n  agreement. 

I  n  the  I  ate  1960s  the  Karl  es  reported  the  structure  of  reserpi  ne  a 
compound  isolated  in  1952  from  Indian  snake  root.  Reserpi ne's  ef¬ 
fect  on  cel  I  s  of  the  nervous  system  had  made  i  t  both  a  pharmaceuti  cal 
agent  and  research  tool.  NRL  scientists  helped  the  U.S.  Department 
of  Agriculture  determine  the  molecular  structure  of  barassinolide  a 
powerful  hormone  that  stimulates  plant  growth.  They  helped  deter- 
mi  ne  the  structures  of  mol ecul  es  that  pack  i  nto  expl  osi  ve  materi al s 
as  well  as  molecular  structures  of  proteins  frog  toxins,  plant  alka¬ 
loids  and  a  menagerie  of  other  chemical  compounds  and  minerals^'^ 

Jerome  Karle  points  out  that  the  most  useful  method  for  deter¬ 
mining  crystal  structures  beforethe  phase  problem  was  solved  arose 
from  the  work  of  the  I  ate  A.  Undo  Patterson,  then  at  Bryn  Mawr.  The 
method  is  cal  led  the  heavy  atom  method  and  involves  having  one  or 
afew  heavy  atomsin  amoleculeThesoluti  on  ofthemolecule'sstruc- 
ture  follows  from  knowledge  of  the  location  of  the  heavy  atom  or 
atoms  which  can  be  determined  from  the  use  of  a  "Patterson  func¬ 
tion." 

There  were  I  imitations  to  thismethod,  Karlenotes  It  often  was 
i  mpossi  bl  eto  i  ntroduce  heavy  atoms  i  nto  mol  ecul  es  or  the  mol  ecul  es 
that  had  been  successfully  modified  with  heavy  atoms  would  lead  to 
crystal  structures  different  from  the  unmodified  ones  "And  so,"  says 
Karle;  "people  used  insight,  trial  and  error,  and  a  variety  of  other  ap¬ 
proaches  to  solve  structures  without  h  eavy  ato  ms  There  cl  early  was 
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plenty  of  incentive  to  try  and  develop  a  direct  method  of  structural 
determination,  which  iswhat  solving  the  phase  problem  made  pos¬ 
sible 

In  1968,  NRL  recognized  thesignificanceof  theKarles'  research 
prod  ucti  vi  ty  by  estabi  i  sh  i  ng  the  academi  cal  I  y  model  ed  Laboratory  for 
the  Structure  of  M  after  on  campus  with  J  erome  Karl  e  as  the  di  rector. 
Seventeen  years  later,  in  1985,  the  Royal  Swedish  Academy  of  Sci¬ 
ences  recognized  the  achievement  of  Jerome  Karle  and  Herbert 
H  auptman  by  awardi  ng  them  the  N  obel  Pri  ze  i  n  Chemi  stry.  J  erome 
heard  the  news  ami  dst  cheers  and  a  poppi  ng  champagne  botti  e  when 
the  pilot  of  the  plane  he  was  on  announced  that  passenger  Jerome 
Karle  had  won  the  Nobel  Prize  in  Chemistry  Meanwhile  his  col- 
I  eagues  back  at  N  RL  were  poppi  ng  thei  r  own  botti  es  and  fi  el  di  ng  medi  a 
calls  For  her  pivotal  role  throughout  the  years,  Isabella  Karle  also 
received  many  prestigious  awards  including  the  Gregory  Aminoff 
Award  of  the  Royal  Swedish  Academy  of  Sciences  and  National  Medal 
of  Science  in  1995. 

Wayne  H  endri  ckson,  a  former  col  I  eague  of  the  Karl  es  at  N  RL  who 
now  i  s  a  professor  at  Col  umbi  a  U  ni  versi  ty  Col  I  ege  of  Physi  ci  ans  and 
Surgeons  and  head  of  a  Howard  Hughes  Institute  at  the  university, 
wrote  about  the  Karl  e  and  H  auptman  N  obel  award  i  n  Science  maga- 
zinesoon  aftertheaward  was  announced.  Heassessedtheworkof  his 
former  N  RL  col  I  eagues  this  way:  "Whereas  i  n  the  earl  y  1960s  a  si  ngl  e 
crystal  structure  could  constitute  a  PhD  thesis  project,  now  that  same 
structure  might  be  solved  and  refined  within  a  couple  of  hours  after 
the  data  collection  (which  itself  istimed  in  hours)  is  completed.  The 
advance  is  not  only  in  speed  .  .  .  quite  large  structures  can  now  be 
tackled:  organic  molecules  with  up  to  50  non-hydrogen  atoms  are 
al  most  al  ways  routi  ne;  those  of  50  to  100  atoms  general  I  y  cause  I  i ttl  e 
trouble  and  structures  have  been  done  with  more  than  200  atomsin 
the  asymmetri  c  unit  of  the  crystal  ."^® 

And  that  was  more  than  10  years  ago.  "It  is  esti  mated  that  some¬ 
where  between  10  and  20  thousand  structures  are  determined  each 
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year,"  Karl e  offers  as  an  update”  Those  structures  include  minerals^ 
molecules  of  chennistry  and  biochemistry,  and  more  recently  those  of 
very  large  macromolecules  (such  as  proteins)  that  are  crucial  to  the 
life  sciences  and  medicine  In  fact,  Karle  notes,  researchers  now  can 
elucidate  the  crystal  structures  of  molecules  made  of  many  thousands 
of  atoms 

"Computers  and  diffractometers  contribute  greatly  to  present-day 
productivity,"  Hendrickson  wrote  in  hisSc/ence  article  "but  it  isthe 
phasedetermi  ni  ng  methods  that  are  most  responsi  bl  efor  maki  ng  cr^ 
tal  I ography  a  reliable 'nonsporting'  science"^® 

Th  e  an  al  ysi  s  of  very  I  arge  mo  I  ecu  I  ar  stru  ctu  res  I  i  ke  th  ose  of  macro- 
moleculesentailstheuseofaspecial  heavyatom method,  which  helps 
to  simplify  the  interpretation  of  these  molecules'  extremely  complex 
diffraction  data.  One  of  the  modern  and  rapidly  growing  methods  for 
doing  so  is  a  product  of  the  Laboratory  for  the  Structure  of  Matter. 
Called  multiple-wavelength  anomalous  dispersion,  or  MAD,  it  is  a 
mathemati cal  framework  ( based  on  a  set  of  exact  I  i  near  equati  ons for 
theanalysisof  anomalousdispersion  data)  developed  byjerome  Karle 
in  1980.  Both  Hendrickson  and  another  former  employee  of  the  Labo¬ 
ratory  for  the  Structure  of  Matter,  Janet  Smith  of  Purdue  University, 
have  been  finding  ways  of  applying  MAD  (along  with  high-quality 
and  especiallyintenseX-ray  sources  from  machines  known  as^chro- 
trons)  to  solve  previously  impossible  structural  determinations  of 
molecules.  One  of  Smith's  studies  i  nvolves  a  structure  that  contai  ned 
almost  15,000  non-hydrogen  atoms 

From  neurotoxinsto  energetic  materials,  a.k.a.  explosives  and  pro¬ 
pel  I  ants,  the  researchers  i  n  the  Laboratory  for  the  Structure  of  M  after 
have  accrued  an  enviable  record  of  structural  determinations  Isabella, 
i  n  more  recent  years,  has  made  maj  or  contri  buti  ons  to  pepti  de  chem- 
istryand  has  been  well  recognized  for  her  contri  buti  ons  Richard  Gilardi 
has  prepared  a  compendi  um  of  the  structures  of  about  500  materi  al  s 
that  are  either  precursors,  intermediates  of,  orthefinal  products  of  the 
chemical  synthesis  of  energetic  substances,  most  of  which  he  deter- 
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mined  himself.  Clifford  George  and  Judith  Flippen-Anderson  have 
been  studying  the  structures  of  neuropeptides  associated  with  drug 
abuse  John  Konnert  has  been  studying  substances  in  the  crystal  line 
and  glassy  state  and,  more  recently,  has  been  investigating  the  pro¬ 
cess  of  crystal  I  i  zati  on  usi  ng  the  Atomi  c  Force  M  i  croscope 

J erome  Karl e  says  that  a  maj or  current  i  nterest  is  the  devel  opi  ng 
field  of  research  which  he  and  his  colleagues  Lulu  Fluang  and  Lou 
Massacall  "quantum  crystallography."™  Thisfield  i nvolves  the  inti¬ 
matejoining  of  crystallographicresults  with  quantum  mechanical  cal¬ 
culations  and  theoretical  chemistry.  The  objective  is  to  enhance  the 
q  ual  i  ty  an  d  extent  of  i  nf o  rmati  o  n  avai  I  abl  e  f rom  each  of  th  e  two  f i  el  ds 
separatel  y.  The  methodol  ogy  i  s  broadi  y  appi  i  cabi  e  to  al  I  sorts  of  crys¬ 
tal  I  i  n  e  su  bstan  ces  En  ergeti  c  materi  al  s  are  cu  rrenti  y  of  sped  al  i  nterest 
with  theusual  objective  of  helping  to  develop  materials  of  enhanced 
performance 

Karl  e  argues  that  the  history  of  structural  chemistry  at  NRL  pro- 
vi  des  strong  testi  mony  for  the  wi  sdom  of  mi  ssi  on-ori  ented  envi  ron- 
ments(which  includesNRL)  supporting  basic  research,  even  when  it 
is  not  clear  how,  or  even  if,  that  research  will  pay  off  in  the  form  of 
technology  or  other  applications  'The  structural  research  program 
originated  in  a  strong  interest  to  enhance  thecapabilities  of  thetech- 
nique  of  electron  diffraction  of  gases,"  Karle  says  'The  value  of  the 
non-negativity  principlefound  in  thisstudyled  to  the  application  of 
this  principle  to  the  phase  problem  in  crystallography,  which  ulti¬ 
mately  resulted  in  the  solution  to  the  phase  problem.  Thissolution 
was  adopted  throughout  the  worl  d  and  generated  a  great  number  of 
investigations  that  continue  to  thisday."®° 

And  the  payoff  has  been  great.  Not  onlyhasX-ray  crystallography 
helped  the  Department  of  Defense  learn  more  about  the  chemistry 
and  physi  cs  of  decidedlymilitary  phenomena  such  as  detonations  it 
h  as  CO  nth  buted  to  many  areas  of  basi  c  sci  en  ce  as  wel  I  as  to  th  e  ch  emi  - 
cal,  pharmaceutical,  petroleum,  and  many  other  industries  In  this 
way,  says  Karl  e  "the  broad  i  n  vestment  i  n  basi  c  research  reaps  the  de- 
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sired  reward  for  national  security  and  the  nation's  economic  and  so¬ 
cial  benefits"®^ 

Ma^ietic  Pixels 

The  Nobel  Prize  happens  to  be  the  science  world's  highest  and 
most  visible  accolade  Yet  even  a  Nobelist  likejerome  Karle  can  lay 
claim  to  only  a  limited  number  of  the  many  pixels  comprising  the 
Laboratory's  big  picture  The  pixels  attributable  to  GaryPrinz,  aphysi- 
ci St  sped  al  i  zi  ng  i  n  magneti  sm  who  started  worki  ng  at  the  Laboratory 
i  n  1967,  represent  the  way  many  other  N  RL  researchers  also  have  set 
off  important  cascades  of  scientific  and  technological  developments 
both  within  and  outside  the  Laboratory 

Magnetism  has  been  an  important  field  of  study  at  NRL  because; 
in  Prinz'swordSy  "you  cannot  build  a  radar  set  without  magnetic  ma¬ 
terials"®^  And  NRL  has  been  developing  all  kinds  of  radar  technolo¬ 
gies  for  more  than  si xty  years  Radar  may  have  provi  ded  the  i  mpetus 
for  research  i  nto  magneti  c  materi  al  s  but  that  research  took  on  a  I  i  fe  of 
its  own,  parti  cul  arly  after  1955  with  the  estabi  ishment  of  the  M  agne- 
tism  Branch,  which  since  has  undergone  many  administrative  moves 
mergings,  reorientations,  renamings,  and  other  transformations 

Prinz  entered  the  picture  when  he  turned  down  an  offer  of  a  job 
and  higher  sal  ary  by  the  famous  Bel  I  Laboratories  because  he  I  iked  the 
intellectual  freedom theMagnetism  Branch'shead,  George Rado,  gave 
to  those  working  for  him.  Prinz's  initial  work  centered  on  detailed 
analyses  of  new  magnetic  materials  with  the  goal  of  laying  bare  the 
basic  physics  and  detailed  atomicstructuresunderlyingthematerials' 
behavior.  This  interest  led  him  into  a  collaboration  with  a  researcher 
in  the  Semiconductor  Branch,  Robert  Wagner,  in  which  they  home- 
built  thei  r  own  versi  on  of  a  recenti  y  i  nvented  type  of  I  aser  whose  emi  s 
si  ons  were  i  n  wavel  engths  matched  for  studi  es  of  new  magneti  c  com¬ 
pounds  i  nvo  I  vi  ng  rare  earth  el  ements  of  the  Peri  odi  c  TabI  e 

Just  when  the  researchers  had  begun  publishing  papers  at  a  steady 
cl  i  p  usi  ng  thei  r  new  apparatus  Pri  nz  i  ntuited  that  he  needed  to  move 
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hisworkin  adramaticallydifferentdirection  if  he  were  going  to  make 
important,  lasting  contributions  in  the  field  of  magnetism.  The  new 
direction  Prinz  took  was  away  from  analyzing  existing  material  sand 
toward  synthesizing  new  magnetic  materials  with  unprecedented  de¬ 
grees  of  control  and  purity.  Prinz  could  tel  I  a  good  thing  when  hesaw 
it  and  when  he  learned  about  a  new  technique— called  Molecular 
Beam  Epitaxy— that  researchers  at  Bell  Laboratories  had  been  pio¬ 
neering  during  the  1970s  for  growing  semiconductor  crystals  even 
one  atomic  layer  at  a  time  could,  he  knew  it  also  would  become  im¬ 
portant  for  maki  ng  new  magneti  c  fi  I  ms 

It  took  some  doing,  and  skillful  diplomacy  by  a  savvy  colleague 
of  Prinz'swho  secured  $155  thousand  dollars  from  several  other  on¬ 
going  programs  attheLaboratory,  butintheend  Prinzwasabletothe 
buytheLaborator/sfirstMBE  machinein  1979.  "Itopened  upanew 
world  and  it  has  become  a  very  broad  world,"  Prinz  says®^  Since  an 
MBE  machineworks  by  leaking  elemental  in  gradients  into  a  vacuum 
chamber  i  n  whatever  sequence  a  researcher  chooses,  the  techni  que  is 
therouteto  designer  crystals  with  specifications  down  to  the  atomic 
level.  And  for  nearly  two  decades  it  has  continuously  led  to  collabo- 
rati  ons  amongst  N  RL's  materi  al  s  researchers,  surface  sci  enti sts,  physi - 
cists,  and  many  others  with  differing  expertise 

Results  from  that  first  MBE  machine  in  1979  helped  Prinz  and 
others  argue  for  NRLto  acquire  additional  and  even  more  expensive 
MBE  systems,  and  even  to  link  some  of  them  into  more  powerful 
i  nstrument  assembi  ages  The  payoff  here  comes  i  n  the  form  of  new 
kinds  of  hybrid  materi  als  mad  e  wi  th  MBE-grown  semi  conductors  and 
M  BE-grown  magneti  c  fi  I  ms  I  n  ti  me  others  at  N  RL,  i  ncl  udi  ng  Berend 
Jonker,  found  themselves  in  charge  of  their  own  MBE-based  labora¬ 
tories  With  more  than  a  decade  of  learning  and  experience  behind 
them  now,  NRL's  contingent  of  MBE  users  have  been  routinely  in¬ 
venting,  probing,  and  developing  a  menagerie  of  new  crystals  with 
potential  applications  as  electronics  devices  optical  detectors,  mag¬ 
netic  recording  and  reading  heads  and  new  data  storage  substrates 
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Even  as  researchers  were  developing  film-growing  ski  I  Is  with  the 
growing  set  of  M BE  machines,  Norman  Koon  (who  died  in  a  tragic 
skiing  accident  in  December  1997)  of  the  Metallurgy  Division  was 
examining  new  compositions— in  this  case  one  of  neodynium,  iron 
and  boron— in  search  of  magnetostrictive  materials  that  change  their 
shape  slightly  in  a  magnetic  field.  Prinz  remembers  the  evening  in 
1981  that  Koon  came  up  from  a  basement  laboratory  for  making 
measurements  on  hard  stiff  sampi  es  with  a  tel  I  i  ng  pi  ece  of  recorder 
paper  in  hishand:  "I  was  working  I  ate;  as  we  often  did  then,  in  Build¬ 
ing  60  on  the  third  floor  and  I  was  outside  of  George  Rado's  office 
We  were  tal  ki  ng  about  physi cs  probi ems  when  N  orm  came  upstai  rs 
carrying  a  piece  of  recorder  paper  and  said.  You  guys  want  to  see 
something  neat?'"®^ 

Whatheshowed  Prinz  and  Rado  wasarecorderplotshowingthat 
it  took  an  enormously  high  applied  magnetic  field  to  reverse  the  di¬ 
rection  of  the  new  neodymium,  iron,  and  boron  magnet's  own  mag¬ 
netic  field.  As  Prinz  recall  sit,  Rado  was  skeptical  and  said  something 
I  i  ke  "nothi  ng  switches  at  fi  el  ds  thi s  high."®® 

Koon  evidently  knew  he  had  done  the  measurements  correctly 
and  that  he  just  might  have  happened  onto  the  kind  of  magnetic 
material  suited  forthemillions  of  electricmotors  made  each  year  to 
power  everyth  i  ngfrom  wi  ndshi  el  d  wi  persto  fans  to  tool  s  "H  e  i  mme- 
diately  went  and  got  patents  written  up,"  Prinz  says.  As  it  happens, 
other  groups  around  the  worl  d  who  also  were  probi  ng  i  nto  these  new 
compositions  also  were  putting  in  patent  paper.  'There  still  are  big 
patent  struggi  es  over  this,"  Pri  nz  says®^ 

Pri  nz  conti  nued  to  concentrate  on  thi  n  fi  I  ms  and  not]  ust  so  far  as 
N  RL  was  concerned.  Besi  des  sowi  ng  the  M  BE  seed  at  the  Laboratory, 
he  also  hel  ped  put  the  M  BE/magneti  c-materi  als  connect!  on  i  nto  the 
minds  of  those  who  could  support  other  groups  to  get  going  in  the 
new  area.  For  example;  he  helped  convince  program  managers  at 
DARPA  that  ever-i  mprovi  ng  abi  I  iti  es  to  grow  thin  fi  I  ms  of  magnet!  c 
crystals  could  conceivably  open  routes  to  new  kinds  of  nonvolatile 
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computer  memories  that  retain  information  even  in  the  absence  of 
voltage.  That  bit  of  selling  has  had  consequences  well  beyond  the 
Laboratory  itself.  Now,  besides  supporting  NRL's  effort  in  this  area, 
DARPA  supports  those  of  other  laboratories,  including  ones  at 
Motorola,  IBM,  and  Honeywell. 

Prinz  sees  a  big  future  for  magnetic  memories,  particularly  ones 
made  of  materi  al  s  exh  i  bi  ti  ng  so-cal  I  ed  g  ant  magnetoresi  stance  ( G  M  R) . 
These  are  multilayered  materials  in  which  the  flow  of  electrical  cur¬ 
rent  i  s  dramati  cal  I y  altered  depend!  ng  on  the  ori  entati  on  of  magneti  c 
fields  within  the  thin  magnetic  layers,  which  are  separated  either  by 
alternating  nonmagnetic  layers  or  different  kinds  of  magnetic  layers 
The  French  researchers  who  first  reported  the  phenomena  in  1988 
credited  the  earlier  work  of  Prinz  and  hiscolleagueson  thegrowth  of 
iron  films  atop  gallium  arsenide  crystal  surfaces  with  leadingthemto 
the  discovery.^®  The  French  team  made  their  discovery  by  taking  the 
additional  step  of  growing  a  layer  of  nonmagnetic  chromium  over 
theiron  layer  and  topping  these  with  additional  alternating  layers  of 
the  two  metals  GMR  research  has  mushroomed  into  a  high-stakes 
race  because  of  the  value  these  new  materials  and  related  ones  have 
in  novel  data  storage  technologies 

Fortheirbid  inthisrace  Prinz  and  hiscolleagueshavebeen  grow- 
i  ng  stacks  of  alternati  ng  cobalt  and  copper  I  ayers  atop  a  base  of  si  I  i- 
con  nitride  From  the  work  they  havedone  under  patient  ONR  spon¬ 
sorship,  Prinz  expects  to  beableto  fabricate  memory  arrays  with  bit 
sizesaboutthesizeof  a  protein  molecule  leadingto  data  densities  of 
about  one  bi  1 1  i  on  bits  per  thumbnai  l-sized  area  of  chi  p  space  That's 
equi  val  ent  to  the  capacity  of  scores  of  3.5  i  nch  fl  oppi  es  The  nonvol  a- 
tile  random  access  memory  that  Prinz  thinks  such  GMR  arrays  en¬ 
able  will  be  immune  to  radiation,  power  failures,  and  most  other  ex¬ 
ternal  disturbances  Moreover,  they  will  consume  small  amounts  of 
power  and  only  when  they  are  informed  with  data  or  when  data  is 
read  from  them. 

For  those  reasons,  these  multilayer  materials  have  obvious  mili¬ 
tary  possibilities  For  one  thing,  says  Prinz,  they  could  replace  older 
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generations  of  bulky,  expensive  and  less  reliable  magnetic  memory 
technologies  still  deployed  in  such  venues  asTri  dent  Missiles  and  P3 
subchaser  ai  rcraft.  "M  ore  i  mportanti  y,  these  coul  d  go  i  nto  al  I  tacti  cal 
missiles,"  he  adds®® 

But  Prinz  envisions  even  more  audacious  outcomes  Using  GMR 
structures  for  new  ki  nds  of  computer  memory  i  s  j  ust  thefi  rst  appi  i  ca- 
tion  that  comes  to  mind.  He  says  the  materials  could  also  conceiv¬ 
ably  become  the  basis  of  a  computer's  brai  n— its  microprocessor. 

The  advantages  of  this  switch  could  befar-reaching,  hesays  Con¬ 
ventional  microprocessors  are  the  semiconductor-based  chips  that 
make  a  PC  a  PC,  a  Macintosh  computer  a  Macintosh,  or  any  specific 
kind  of  computer  that  kind  of  computer,  each  with  its  own  prosand 
cons  They  are  what  the  "Intel  Inside"  logo  is  reminding  PC  users 
about.  "What  if  you  wanted  to  turn  your  Mac  into  a  Unix  system," 
Pri  nz  asks  and  then  answers,  "you  can't  because  the  chi  p  you  have  is 
the  chip  you  have"®°  But  with  GMR  microprocessors,  Prinz  says,  it 
would  bepossibleto  build  computers  with  reprogrammable  micro¬ 
processors  That  way,  software  designers  could  make  products  that 
reconfi  gurethe  machi  ne  i  nto  the  opti  mum  computer— say,  a  paral  I  el 
computer  instead  of  a  serially  processing  computer— for  each  par¬ 
ticular  problem. 

"There  have  been  a  few  attempts  to  make  reprogrammable  pro¬ 
cessors"  out  of  semiconductor  materials  Prinz  notes.  But,  he  says, 
these  ended  in  failures  and  had  made  the  idea  somewhat  far-fetched. 
"Now,  with  GMR  memory  chips  people  believe  you  might  beableto 
dothis"®^ 

Prinz  has  no  way  of  knowing  if  these  kinds  of  visions  will  flesh 
out.  But  henotes  with  a  mixture  of  prideand  regret  that  there  now  are 
preci  ous  few  other  pi  aces  where  such  i  deas  are  I  i  kel  y  to  ever  get  much 
attention.  That's  because  high-tech  companiesthathad  research  g'oups 
focusi  ng  on  magieti  c  materi  al  s  have  been  downs!  zi  ng  or  cl  osi  ng  down 
those  projects  "We(NRL)  now  have  more  technological  memory  in 
these  areas  than  industry  has,"  Prinz  notes  And  those  few  industry 
I  aboratori  es  sti  1 1  work!  ng  on  new  magnet!  c  memori  es  remai  n  i  n  the 
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game  largely  because  they  receive  support  from  agencies  like  ONR 
and  DARPA,  which  Prinz  has  helped  convince  to  run  research  pro¬ 
grams  i  n  new  magneti  c  materi  al  s  I  n  that  way,  Pri  nz  represents  those 
NRL  researchers  whose  role  as  experts  and  advisors  have  molded  the 
nati on's  overal  I  research  portfol  i o. 

Pixels  of  Battlefield  Omniscience 

There  i  s  no  doubt  that  the  worl  d  gets  more  wi  red  everyday  There 
are  more  computers,  more  databases,  more  opti  cal  fi  ber  trunks  and 
satellite  I  inks,  more  communications  systems,  more  sensors  and  sur¬ 
veillance  systems,  more  transmitters  and  receivers:  indeed,  there  is 
moreof  everything  when  itcomesto  acquiring,  processing,  transport¬ 
ing  and  using  data.  The  civilian  version  of  this  is  sophisticated  all 
right,  but  it  provides  just  a  hint  of  the  digitized  battlefield  that  is  in 
the  process  of  becomi  ng  a  real  ity.  What  the  I  nternet  is  to  the  ci  vi  I  ian 
sector,  C'^l  (command,  control,  communications,  computers,  and  in¬ 
telligence)  isto  themilitarysector.®^ 

Lots  of  N  RL  researchers  have  thei  r  i  mpri  nts  on  the  many,  many 
pi ecescompri singe'll  andtheirlinkagestotheGlobal  Grid  (seepages 
334  to  336) .  That  i  n  vol  vement  stretches  al  I  of  the  way  from  concep- 
tion  to  research  to  development  to  implementation.  Those  in  Code 
8100— th  e  Space  Sterns  D  e/el  o  pment  D  epartment— so  meti  mes  e/en 
strap  i  nto  mi  I  itary  ai  rcraft  i  n  the  penulti  mate  devel  opment  steps  be¬ 
fore  a  new  pi  ece  of  the  C''l  system  takes  its  own  pi  ace  i  n  an  overal  I 
system  that  makes  James  Bond  gadgetry  seem  unimaginative 

Consi  derjust  one  of  NRL's  more  successful  and  mature  contribu¬ 
tions— the  MATT,  or  the  Multi-Mission  Advanced  Tactical  Terminal. 
These  are  at  the  end  of  the  I  i  ne  of  the  mi  I  itar/s  enormous  C'^l  net¬ 
work.  They  arethetermi  nals  by  which  the  enormous  i  nf  restructure  of 
data,  i  ntel  I  i  gence  and  analysis  gets  to  theshi  p  commander,  the  pi  I  ot, 
and  even  the  soldier  on  the  ground. 

A  key  step  toward  devel  opment  of  these  i  nformati  on  tool  s  took 
pi  ace  i  n  the  early  1980s,  when  N  RL  engi  neers  desi  gned  a  remarkably 


chapter  11  -  pixels  of  a  very  big  picture  ♦  355 


inexpensive  space  test.  Called  Living  Plume  Shi  eld  2  (LI  PS2),  the  heart 
of  the  experiment  was  to  put  prototype  communication  devices  onto 
an  expen  dabi  e  part  of  a  I  au  n ch  veh  i  cl  e— th e  pi  u me  sh  i  el  d— th at  n  or- 
mally  protects  a  satellite  from  exhaust  particles  "They  put  attitude 
control  s  on  it  and  sol  ar  cel  I  s"  says  el  ectri  cal  engi  neer  Chari  es  H  emdon, 
whose  own  work  si  nee  he  arrived  at  NRL  in  1986  has  followed  from 
LIPS2.  But  the  key,  he  adds  is  that  "it  carried  transponder  experi¬ 
ments  that  validated  [certain]  coding  schemes  that  all  owed  commu¬ 
nication  from  LEO'S  or  fast-moving  low  earth  orbiting  satellites  to 
shipboard."®^ 

Using  such  relatively  quickly  deployed  satellites  is  challenging. 
'They  are  traveling  overhead  for  10  to  12  minutes  and  their  signals 
have  to  be  robust  and  work  even  in  the  presence  of  powerful  search 
radars"  (and  many  other  potential  sources  of  electromagnetic  inter¬ 
ference),  Herndon  pointsout.^'^Oncethecommunication  scheme  was 
val  i dated,  the  next  step  was  to  develop  recei  vi  ng  equi  pment  for  the 
FI  eet.  Look  on  al  most  any  N  aval  ship  today  and  you  wi  1 1  fi  nd  an  0  E82 
antenna  that  links  with  LEOs  Satellite-to-ship  communication  was 
just  the  beginning  of  the  more  extensive  communications  and  data 
system  upon  which  Herndon  and  others  have  been  working. 

The  next  step  was  to  build  deployable  ground-based  receiver  suites 
( col  I  ecti  ons  of  ground  components  includingUHF  satel  I  i  te  commu- 
ni cation  receiver,  cryptographic  components,  and  a  message  proces¬ 
sor),  which  Herndon  and  his  col  leagues  did.  These  suites  are  known 
in  this  acronym-jammed  C^l  busi ness  as  TREs,  or  Tactical  Receiver 
Equipment.  TREs  are  rugged  boxes  with  receivers,  cryptographic  cards, 
and  processors  for  intelligence  broadcasts  These  turned  out  so  well, 
says  H  erndon,  that  they  now  are  the  FI  eet  standard  for  tacti  cal  recei  v- 
ers 

TheTRE  work  then  led  in  the  I  ate  1980s  to  MATT,  theMulti-Mis- 
sion  Advanced  Tactical  Terminal,  which  NRL  developed  for  the  U.S. 
Special  Operations  Command  (USSOCOM),  which  had  significant 
requirementsfor  real-time  tactical  data.  Herndon  points  out  that  the 
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acronym  MATT  was  matched  to  Captain  Matthew  Rogers,  who  saw 
how  the  N  avy  was  getti  ng  i  ntel  I  i  gence  i  nformati  on  to  thefi  oati  ng  FI  eet 
an  d  wanted  th  e  same  capabi  I  i  ty  i  n  th  e  cockpi  ts  of  tacti  cal  ai  rcraft.  Th  e 
first  MATTs  were  ready  in  1991.  They  have  become  standard  equip¬ 
ment  in  EA-6B  aircraft  whose  mission  isto  gather  electronic  intelli- 
gence(ELINT)  on  "wild-weasel-like"  runsin  which  theai rcraft  delib¬ 
erately  fly  in  an  adversary's  territory  to  "light  up"  and  then  analyze 
signals  from  various  radar  and  other  optical  and  electromagnetic 
threatswithin  range  Si  nee  1993,  MATTs  have  become  standard  equip¬ 
ment  "in  a  lot  of  ground  operations,"  Herndon  says.®^ 

Thesequencefrom  LIPS2toTREto  MATT  is  not  complete  and  it 
is  only  one  part  of  the  C^l  universe  Consider  the  I  DM,  or  Improved 
Data  Modem.  Thisistheunitthat  Herndon  recently  validated  bysit- 
ti  ng  i  n  the  back  seat  of  an  F-16  trai  ner.  U  nti  I  the  I  DM ,  pi  I  ots  i  n  the  ai  r 
could  only  communicate  by  voice  with  one  another;  they  were  not 
equipped  to  share  intelligence  targeting,  or  other  data.  ThelDM,  he 
says,  has  changed  that.  So  far,  over  2,200  I  DM  units  have  been  built 
with  DoD  requirements  cal  ling  for  at  I  east  1,250  more 

Unsung  Pixels 

There  I  iteral  ly  are  hundreds,  even  thousands,  of  other  pixels  that 
could  complement,  supplement,  and  otherwise  join  the  ones  above 
But  that  would  merely  lengthen,  rather  than  improve  on  the  main 
poi  nt  al  ready  made  by  the  I  i  mi  ted  set  of  pi  xel  s  The  pi  cturethat  emerges 
from  the  pixels  is  none  other  than  NRL,  a  pi  ace  the  Navy  can  go  for  a 
previ  ew  of  what  I  ooms  on  thetechnol  ogi  cal  hori  zon  and  for  the  ki  nd 
of  brain  power  that  can  leverage  Naval  brawn  in  the  world's  seas  Be¬ 
yond  platitudes  I  i  kethat,  the  breadth  of  N  RL's  research  portfol  io  de¬ 
fies  summarization.  And  nowhere  else  but  at  an  NRL,  with  its  unique 
mix  of  mission  and  research  cultures,  could  so  much  consequential 
research  and  devel  opment  be  done  by  so  few  for  so  many  contempo¬ 
rary  and  future  defense  needs 
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Pushing  on  the  Horizon 


When  NRL  opened  for  business  in  1923,  it  began  to  make  its  way 
tentati  vei  y  i  i  ke  a  smai  i  creek,  i  ts  vi  tai  i  ty  at  any  ti  me  was  greati  y  de¬ 
pendent  on  dryspeiisand  sudden  rain  showers  Despite mortai  threats 
i  n  i ts eari y  years f ro m  i ack  of  mo n ey  0 r  overbeari  n g  N  avy  bosses  who 
wouid  sooner  nip  the  young  iaboratory  in  the  bud  than  seeitevoive 
to  have  an  i  nstituti  onai  mi  nd  of  its  own,  N  RL  grew  and  strengthened 
over  the  years  Radar  and  sonar  technoiogies  hei  ped  the  Laboratory 
ascend  from  a  smai i -time  job  shop  for  Navy  Bureaus  eariier  in  the 
century  i  nto  thefui  i-bi own  corporate i  aboratory that  itsfounders  had 
hoped  it  wouid  become 

Even  during  the  Laboratory's  first  decades,  new  ideas  peopie 
funding,  and  resources continuousiyfed  into  NRLiiketributaries Then 
came  the  turn i  ng  poi  nt— Wori  d  War  i  i .  Li  ke  a  great  rai  n,  the  war  am- 
pi  i  f  i  ed  th e  steady  stream  of  appi  i  ed  sci  en ce  an d  en  gi  n eeri  n g  th at  N  RL 
had  become  before  the  war  and  transformed  the  Laboratory  i  nto  the 
mighty  R&D  river  that  it  has  been  ever  si  nee  the  war  ended. 

"You  cannot  step  into  the  same  river  twice"  wrote  Heraciitus  a 
Greek  phi iosopher  born  inthemid-6th  Century  BC.  Heraciitus's apho¬ 
rism  conciseiy  captures  the  quixotic  essences  of  both  rivers  iike  the 
Potomac,  whose  passing  waters  NRL  has  witnessed  for  the  past  75 
years,  and  great  i  nsti  tuti  ons  i  i  ke  the  N  avai  Research  Laboratory  i  tsei  f. 
A  river  is  a  forwardiy  surging  entity  in  the  worid  that  maintains  a 
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lasting  identity  even  as  it  constantly  changes  Great  institutions  like 
N  RL  are  th  e  same  way.  Th  ey  al  ways  are  th  e  same  an  d  n  ot  th  e  same 

N  RL's  staff  has  grown  from  a  few  score  i  n  1923  to  over  3,000 
today.  The  bui  Iding  count  at  N  RL's  mai  n  campus  has  gone  from  5  to 
over  100  whi  I  e  the  setti  ng  has  changed  from  its  bucol  i  c,  country  be- 
gi  nni  ngs  i  nto  a  sparsel  y  treed  i  ndustri  al  -I  ooki  ng  present.  The  budget 
has  increased  from  the  million  dollar  range  to  edge  toward  the  bil¬ 
lion  dollar  range  all  of  it  supporting  work  at  NRL  and  its  14  smaller, 
specialized  facilities  and  support  installations  around  the  country. 
Most  importantly,  however,  the  Laboratory  has  emerged  from  its 
scrawny,  anonymous  begi  n  ni  ng  as  a  speci  al  ty  radi  o  engi  neeri  ng  I  abo- 
ratory  i  nto  a  top-ti  er  faci  I  ity  of  i  mmense  breadth  that  has  i  mpri  nted 
its  mark  on  many  of  the  advanced  military  and  civilian  technologies 
characterizi  ng  both  our  ti  mes  and  those  of  the  near  future 

Even  a  short  recitation  of  the  Laboratory's  most  current  portfol  io 
of  projects  reveals  the  polymathic  result  of  Thomas  Edison's  and 
J  oseph  us  D  an  i  el 's  brai  nch  i  I  d : 

♦  New  stealth  materials  based  on  metal-coated  microtubules 
that  become  part  of  coati  ngs  capabi  e  of  catchi  ng  radar  energy  I  i  ke  a 
catcher  catch i  ng  basebal  I s 

♦  Cloaking devicesforNavySeals,  special  forces,  and  other  afi- 
ci  onados  of  camoufi  age  that  render  users  i  nvi  si  bl  eto  mi  crowavebased 
intrusion  sensors 

♦  A  more  secure  means  of  routing  messages  (Onion  Routing) 
that  can  thwart  attempts  by  eavesdroppers  to  trace  the  path  of  a  mes¬ 
sage  (which  can  harbor  compromising  intelligence  information) 
within  information  networks  such  as  the  World  Wide  Web. 

♦  An  anti -sniper  defense  system  known  as  VI  PER  (Vectored  In¬ 
frared  Personnel  Engagement  and  Return  fire)  that  detects  infrared 
flashes  from  a  sniper's  gun  muzzle  alerts  users  to  the  sniper's  pres¬ 
ence  even  before  the  sniper's  bullet  arrives,  and  even  guides  auto¬ 
matic  counterfire 

♦  Applications  of  a  laser-based  method  (called  pulsed-laser 
deposition)  for  reassembling  the  major  ingredients  of  bone— the 
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protei  n  col  I  agen  and  the  mi  neral  hydroxyapatite— i  nto  syntheti  c  struc¬ 
tures  that  mimic  real  tissue  for  improved  orthopedic  implants 

♦  N  ext  generati  on  semi  conductor  materi  alsto  enabi  e  radar  sys¬ 
tems  to  see  more  threats,  qui  cker  and  more  accuratel  y,  or  that  expe¬ 
dite  the  ever-heavier  traffic  of  data  and  information  that  will  flow 
th  rough  the  mi  I  i  tar/s  growi  ng  systems 

♦  U  si  ng  too  I  s  I  i  ke  an  Atomi  c  Force  M  i  crosco  pe  to  form  some  of 
thesmal  I  est  el  ectroni  c  components  possi  bl  e— measuri  ng  i  n  bi  1 1 1  onth- 
of-a-meter  (nanometer)  range— thereby  putting  them  squarely  into 
the  range  where  quantum  behavi  or  domi  nates 

♦  Developing^thetic  aperture-sonar  (SAS)  for  next-generation 
countermeasures  agai  nst  mi  nes  i  n  very  shal  I  ow  water  contexts  of  about 
10  meters 

♦  Uniting  new  sensor  technologies,  unmanned  aerial  vehicles 
(some  as  small  as  hummingbirds),  and  communications  systems  in 
an  effort  to  develop  a  badly  needed  means  of  identifying  chemical 
and  biological  warfare  agents  dispersed  as  vapors  and  airborne  aero¬ 
sols  respectively. 

And  those  are  merely  some  of  the  newest  pixels  of  N  RL  research. 
Teams  of  scientists  and  engineers  at  the  Laboratory  also  are  investi¬ 
gating  new  semiconductor  structures  I  ess  vulnerable  to  damage  from 
both  artificial  sources  of  radiation  as  well  as  naturally  occurring  sources 
such  as  cosmi c  rays;  the  i  nfl  uence  of  subsurface  bubbi es  on  acousti  c 
scatteri  ng  ( i  mportant  for  sonar  performance  and  i  nterpretati  on) ;  the 
adaptation  of  a  technique  known  as  nuclear  quadrupole  resonance 
for  detecting  concealed  explosives;  micro-air  vehicles  weighing  a  few 
ounces  that  can  carry  radar  jamming  equipment,  cameras,  micro¬ 
phones,  chemical  and  biological  agent  sensors*  and  other  payloadsto 
carry  out  military,  intelligence  illegal  drug  interdiction,  and  other 
missions;  database  and  data  retrieval  methods  enabling  users  to  rap¬ 
idly  integrate  different  forms  of  data— images*  texts,  numeric  data, 
maps— into  forms  and  displays  that  help  in  the  process  of  making 
tactical  decisions  and  planning  missions;  an  analytical  technique  for 
revealing  3-dimensional  views  of  the  internal  microstructureof  ma- 
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teri  al  s;  th  e  effect  of  smal  I  -seal  e  ocean  waves  ( capi  1 1  ary  waves  I  ess  th  an 
an  inch  from  crest  to  crest)  on  the  exchange  of  carbon  dioxide  be¬ 
tween  the  air  and  sea;  new  light  emitting  devices  based  on  organic 
moleculessuitableformakingflat-panel  screensthatcan  be  rolled  up 
like  a  scroll  and  hung  up  wherever  one  pleases;  computer  simula¬ 
tions  of  new,  high-energy  fuels;  and  the  coupling  of  global  atmo¬ 
spheric  models  with  ocean  modelsto  extend  weather  prediction  from 
a  few  days  to  weeks  or  even  months 

M  ul  ti  pi  y  by  ten  the  precedi  ng  catal  og  of  research  pi  xel  s  and  that 
still  would  only  account  for  a  small  part  of  NRL's  overall  technical 
portfolio.  Few  laboratories  in  the  world,  and  perhaps  no  other  ones 
throughouttheDepartment  of  Defense  arehometo  such  avast  swath 
of  research. 

0  nesi  gn  of  how  much  N  RL's  research  pi  ays  i  nto  the  nati  on's  gen¬ 
eral  technological  landscape  emerged  in  1997  in  an  NSF-funded  study 
on  research  policy  that  included  a  comparison  of  how  often  the  re¬ 
search  atdifferentU.S.  research  institutions  was  cited  in  U.S.  patents^ 
PresumabI  y,  the  more  any  parti  cul  ar  i  nsti  tuti  on's  research  i  s  ci  ted,  the 
more  impact  that  institution  has  in  creating  new  ideas,  technology, 
and  patents 

The  study,  which  broke  down  the  research  cited  into  several  cat¬ 
egories,  such  as  physics  and  chemistry,  found  that  over  430  research 
institutions  were  cited  in  asurveyof  patents  granted  during  the  years 
1987, 1988, 1993,  and  1994.  Of  those 430  institutions  NRL  ranked 
fifth  with  respect  to  the  patent  citations  of  physics  papers  that  Labo¬ 
ratory  researchers  had  published.  Only  AT&T  Bell  Laboratories  (now 
Lucent  Technologies),  IBM  Corporation,  Stanford  University,  and 
Bel  I  core  came  out  ahead  of  N  RL  i  n  thi  s  anal  ysi  s  The  Laboratory  ranked 
eighth  with  respect  to  citations  of  the  Laboratory's  engineering  and 
technical  papers 

In  a  separate  citation  study,  this  one  by  the  Institute  of  Scientific 
Information,  NRL  ranked  amongst  the  world's  top  ten  institutions 
wh  en  i  t  came  to  th  e  n  u  mber  of  ti  mes  i  ts  research  ers'  papers  were  ci  ted 
byothersin  150  materialssciencejournals^ 
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Those  rankings  notwithstanding,  no  Government  iaboratory,  no 
matter  how  i  mpressi  ve  its  past  or  present  capabi  i  i ti  es,  has  guaranteed 
iongevity.  As  budgetary,  miiitary,  poiiticai,  sodai,  nationai,  and  giobai 
contextschangetheroiesof  nationaiiysupported  R&D  assets*  inciud- 
ingNRL,  get  revisited.  The  kind  of  audacious  pi  ans  that  have  been  no 
stranger  to  NRL  tend  to  get  mo  re  sparse  at  times,  iikethose  during  the 
first  term  of  theCiinton  Administration,  when  Congressionai  quests 
to  baiancethe  nationai  budget  ied  to  such  proposais  as  disbanding 
iong-standing  institutions  such  as  the  Department  of  Commerce  or 
the  Department  of  Energy.  Rather  than  expecting  annuai  budgetary 
increases  as  it  has  in  the  past,  the  Department  of  Defense  is  iearning  to 
pi  an  for  a  more  fi  nanci  ai  i  y  austere  era. 

Miiitary  R&D  has  become  vuinerabie  to  iarger  scaie  budgetary 
strai  ns  that  span  up  to  the  i  evei  s  of  the  Department  of  the  N  avy  and  ai  i 
of  the  way  to  the  Department  of  Defense  Shri  nki  ng  funds  i  nevitabiy 
bring  unpieasant  consequences:  smaiier  payroiis,  back-pedaiing  on 
programs,  and  overaii  beit-tightening.  But  invoiuntary  austerity  aiso 
can  inspire  innovation.  To  do  more  with  i  ess  takes  genuine  creativity. 

Those  who  fed  the  brunt  of  budgetary  cuts  or  the  pressure  to  change 
tend  to  percdvethemagnitudeof  such  chaiienges  as  bigger  than  their 
predecessors  ever  had  to  confront.  But  bi  g  chai  i  enges  are  nothi  ng  new 
at  N  RL.  I  ndeed,  N  RL's  fi  rst  quarter-century  was  marked  by  severai  i  i  fe- 
and-death  struggies  The  40  years  foii owing  the  end  of  Worid  War  II 
coincided  with  the  Cold  War,  which  provided  a  political  justification 
to  support  a  I  argeportfol  i  o  of  mi  I  i  tary  R&D  so  I  ong  as  it  stood  a  chance 
of  furtheri  ng  U  .5.  mi  I  i tary  capabi  I  ity.  This  was  a  smoother  sai  I  i  ng  pe¬ 
ri  od  for  N  RL,  at  I  east  so  far  as  its  ri  ght  to  exist  was  concerned.  I  n  the 
last  decade  however,  the  national  and  global  contexts  have  changed 
so  much  that  NRL  once  again  is  bang  confronted  with  the  kinds  of 
fi  nanci  ai  and  programmati  c  chai  I  enges  that  cut  to  the  core  as  they  di  d 
earlier  in  its  institutional  life 

What  i  s  different  thi  s  ti  me  i  s  that  N  RL  has  a  75-year  record  that  is 
replete  with  documented  instances  of  world-changing  significance  as 
well  as  an  encyclopedic  list  of  lesser,  though  often  quite  consequen- 
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tial,  scientific,  technological,  and  military  payoffs  It  is  a  record  of 
accompi  i  sh  ment  that  comes  of  i  ts  mu  I  ti  faceted  cul  ture  i  n  wh  i  ch  engi  - 
neering  and  scientific  mentalities  have  mutually  bootstrapped  one 
another  in  a  context  driven  by  the  ever-changing  vision  of  what  a 
leading-edge  Navy  is.  Get  rid  of  the  science  culture  and  NRL  disap¬ 
pears  Get  rid  of  the  engi  neering  cul  ture  and  NRL  disappears  Decrease 
the  diversity  of  expertise  and  you  flirt  with  losing  the  critical  mass  by 
which  NRL  has  been  able  to  both  react  to  and  anticipate  the  seething, 
changing  landscape  of  research  and  development  challenges  That, 
too,  would  make  NRL  disappear. 

As  N  RL  enters  the  I  ast  quarter  of  itsfi  rst  century,  it  enters  an  era  i  n 
wh  i  ch  th  e  potenti  al  types  an  d  si  zes  of  mi  I  i  tary  th  reats  are  mo  re  vari  ed 
and  less  predictable  than  duringtheCold  War.  Renters  an  era  where 
bl  ue  sea  warfare  appears  of  I  ess  strategi  c  i  mportancethan  near-shorq 
littoral  warfare  The  Laboratory  enters  a  more  budget-conscious  era 
i  n  whi  ch  technol  ogy  wi  1 1  be  needed  to  I  everagetheforceof  ever  smal  I  er 
amounts  of  human  resources  It  enters  an  era  in  which  information 
weapons  seem  on  atrajectoryto  be  at  I  east  as  militarily  important  as 
bullets  and  bombs  have  been.  In  brief,  itentersatimewhentheNavy 
I  i  kel  y  woul  d  have  to  i  nvent  a  N  aval  Research  Laboratory  had  Thomas 
Edison  and  Joseph  us  Daniel  snot  gotten  to  it  first  more  than  75  years 
ago. 


References  and  Notes 


Chapter  One 

1.  Thisfigure  which  wasprovided  by  the  Office  of  Naval  Research 
covers  only  research  categories  6.1  and  6.2  (which  refer,  respectively, 
to  basic  and  applied  research). 

Chapter  Tvuo 

M y  three  maj or  sources  for  this  chapter  were  LI  oyd  Scott's  H  i story  of 
the  Naval  Consulting  Board  of  the  United  States  (Washington,  DC: 
Government  Printing  Office  1920);  David  van  Keuren's,  "Science, 
Progress! vism,  and  M  ilitary  Preparedness:  TheCaseof  the  Naval  Research 
Laboratory,  1915-1923"  in  Technology  and  Culture  (Chicago:  Societyfor 
theHistory  of  Technology,  1992);  and  David  K.  Allison,  New  Eye  for 
the  Navy:  The  Origin  of  Radar  at  the  Naval  Research  Laboratory 
(Washington,  DC:  Naval  Research  Laboratory,  September  29, 1981). 

1.  NotesenttoGermanyon  May  13, 1915  by  President  Woodrow 
Wilson  under  the  signature  of  Secretary  of  State  William  Jennings 
Bryan.  Printed  in  United  States  Foreign  Rdations  of  the  U nited  States, 
Washington,DC,  1915,  Supplement,  pp.  393  ff. 

2.  Entry  Lusitania  of  on-lineBritannicaEncyclopedia. 

3.  David  van  Keuren,  Science,  Progress! vism,  and  Military 
Preparedness:  TheCaseof  the  N  aval  Research  Laboratory,  1915-1923,  pp. 
714-716. 

4.  0 uote  appears  i  n  Reference  1. 

5.  New  York  Times,  May 30, 1915,  pp.  6  and  7. 

6.  DvK,  op.  dt,  pp.  715-717. 

7.  Letter  from  Secretary  Daniels  to  Thomas  Edison,  dated  July 
7, 1915,  reprinted  in  Lloyd  ^otl,  H  i  story  of  the  N  aval  Consulting  Board 
of  the  United  States  (Wa^ington,  DC:  Government  Printing  Office 
1920),  pp.  286-288. 

8.  Ibid. 

9.  A/eiv  y'or/rr/mes,Julyl3, 1915,  p  1. 

10.  N  ew  York  Times,  \uiy  16, 1915,  p  1. 

11.  Davi  d  K.  Al  I  ison,  N  ew  Eye  for  the  N  avy:  The  0  rigin  of  Radar  at 
the  Naval  Research  Laboratory  (Washington,  DC:  Naval  Research 
Laboratory,  September  29, 1981),  see  note  14  on  page  21. 


363 


364  ♦  references  and  notes 


12.  United  States,  Statutes  at  Large;  Public  Laws,  vol.  39  (64‘'' 
Congress,  first  session)  ch.  417,  1916,  p.  570,  reprinted  in  David  K. 
Allison,  New  Eye  for  the  Navy  (Washington,  DC:  Naval  Research 
Laboratory,  September  29, 1981),  pp.  27-28. 

13.  Allison,  op.  cit.,  p.  30. 

14.  Ibid.,  p.  31. 

15.  F.A.  Hessel,  etal..  Chemistry  in  Warfare:  Its  Strategic  I  mportance 
(New  York:  Hastings  House;  1942),  p.  86. 

16.  Allison,  op.  cit.,  pp.  31-32. 

17.  Letter  reprinted  in  Herbert).  Gimpel,  unpublished  history  of 
N  RL,  1975,  p.  16.  See  his  note  17  of  chapter  1  for  reference 

18.  Allison,  op.  cit.,  p.  33. 

19.  From  "Quarters  A  and  Surrounding  Area,"  a  loose-leaf 
compilation  of  historical  records  and  writings  mostly  derived  from 
the  Records  of  the  Historical  Society  of  Washington,  DC. 

20.  Allison,  op.  cit.,  p.  35,  reprintof  part  of  a  letter  from  William 
Saunders  to  Edwin  Denby,  March  17, 1921,  in  W.  Saunders  archival 
material,  records  of  the  Naval  Consulting  Board,  record  group  80, 
National  Archives  Building. 

21.  Ibid., p. 37,fromtranscriptoftaperecordingson "Radio-Radar- 
Sonar"  pp.  67R160  and  67R161,  box 38,  Stanford  C.  Hooper  papers, 
Li  brary  of  Congress  M  an  user!  pt  D  i  vi  si  on . 

22.  U.S. Congress, 6:4, House; HearingsBeforetheSubcommittee 
of  the  House  Committee  on  Appropriations  in  Charge  of  the  Navy 
Department  Appropriation  for  1923  (Washington,DC:  Government 
Printing  Office  1922,  p.  728,  excerpt  in  Allison,  op.  cit.,  p.  46). 

23.  Gimpel,  op.  cit,  p.  30,  note  17  cites  Edison  letter. 

24.  Albert  Hoyt  Taylor,  The  First  25  Years  of  the  Naval  Research 
Laiboratory  (Washington,  DC:  The  Navy  Department  1948),  p.  4. 

Chapter  3 

Much  ofthematerial  forthischapterwasderivedfromthetwo  history 
narrati  ves  by  Al  bert  H  oyt  Tayl  or,  the  ranki  ng  sci  enti  st  at  N  RL  for  the 
Laboratory'sfirst25  years  One  of  these  works  TheFirst25  Yearsofthe 
N  aval  Research  Laboratory  (Washington,  DC:  Navy  Department  1948) 
is  rich  with  broad  brushstroke  accounts  of  the  research  going  on  in 
the  vari  ous  research  di  vi  si  ons  whose  number  conti  nuousi  y  grew  duri  ng 
Tayl  or's  tenure  at  NRL  This  dense  75-page  account  also  isrich  with 
first-person,  human-interest  details  that  give  some  sense  of  what  it 
felt  I  i  keto  beat  N  RL.  Thesecond  Tayl  or  history,  Radi  o  Remi  niscences: 
A  Half  Century  (Washington,  DC:  Naval  Research  Laboratory,  1948), 


references  and  notes  ♦  365 


republished  in  1960,  isanearly250-pageaccountabouttheascentof 
radi  o  technol  ogy  i  n  the  decades  predati  ng  N  RL's  commi  ssi  oni  ng  and 
theseveral  decadesfollowing.  Itisamore  rambling  and  idiosyncratic 
work,  but  it  is  another  good  source  for  the  early  history  of  NRL. 
Another  useful  source  was  H  erbert  Gi  mpel  's580-pageH  i  story  of  NRL, 
which  was  completed  in  the  mid-1970s  as  part  of  NRL's  50‘^ 
anniversary  in  1973.  Though  typeset,  the  massive  work  was  never 
published. 

1.  Albert  Hoyt  Taylor,  The  First  25  Years  of  the  Naval  Research 
Laiboratory  (Washington,  DC:  Navy  Department,  1948),  p.  7. 

2.  David  K.  Allison,  A/ ei/i/ Eye  for  tbe  A/ avy;  The  Origin  of  Radar  at 
the  Naval  Research  Laboratory  (Washington,  DC:  Naval  Research 
Laboratory,  1981);  see  funding  table  on  p.  51. 

3.  Louis  Gebhard,  Evolution  of  Naval  Radio-Electronics  and 
C  ontributions  of  the  N  aval  Research  Latorafory  (Washington,  DC:  Naval 
Research  Laboratory,  1979),  p.  18. 

4.  Ibid.,  p.  39. 

5.  Allison,  op.  cit,  quotefrom  oral  history  of  Gebhard,  p.  45,  in 
N  RL  H  i  stori  an 's  offi  ce 

6.  Taylor,  op.  cit,  p.  17. 

7.  Ibid.,  p.  105. 

8.  Albert  H.  Taylor,  Radio  Reminiscences:  A  Half  Century 
(Washington,  DC:  Naval  Research  Laboratory,  1948  (republished  in 
1960)),p.  90. 

9.  Allison,  op.  cit.  Young  is  quoted  from  oral  history,  p.  39. 

10.  Ibid.,  p.  54. 

11.  I  bi d.,  excerpt  of  I etter,  p.  40. 

12.  Timothy  Coffey,  personal  communication  in  which  Coffey 
recalled  Chari  es  Townes  telling  him  about  thehighlyrated  work;  see 
also  H .  Henry  Stroke  (editor).  The  Physical  Review:  the  First  H  undred 
Years  (A  Selection  of  Seminal  Papers  and  Commentaries) ,  American 
Institute  Press  (New  York:  1995). 

13.  Letter  signed  byBreit  Tuveand  Hulbertand  dated  1927,  NRL 
Historian's  office 

14.  Taylor,  25  Years,  op.  cit,  p.  16. 

15.  H  erbert  Gi  mpel ,  op.  cit,  p.  57 

16.  JohnJ.  Sweeney, EliasKlein:  theFirstEightyYears,}anuaryl980, 
short  bi  ography  of  El  i  as  Kl  ei  n. 

17.  Gi  mpel,  op.  cit,  p.  62. 

18.  "A  Bri  ef  H  i  story  of  theSound  D  i  vi  si  on,"  N  RL,  by  H  arvey  H  ayes, 
in  NRL  Historian's  files. 


366  ♦  references  and  notes 


19.  Taylor,  25  Years,  p.  22. 

20.  Ibid. 

21.  Ibid.,  p.  23. 

22.  Edward  0.  Hulburt,  oral  history,  NRL  Historian's  file 

23.  Gimpd,  op.  cit,  p.  73. 

24.  Hulburt,  op.  cit,  p.  15. 

25.  J .A.  Sanderson,  /App//ecf  0 ptics  6  ( 12),  p.  2031. 

26.  A.  Hoyt  Taylor  and  E.O.  Hulburt,  Phyacal  Review,  27,  p.  185, 
1926. 

27.  Gimpd,  op.  cit,  p.  75;  Taylor,  25  Years,  p.  23. 

28.  Taylor,  25  Years,  p.  26. 

29.  Materials  Science  and  Technology  Division,  History 
(Washington,  DC:  Naval  Research  Laboratory,  1993),  Robert  Mehl 
recal  I  s  h  i  s  N  RL  years  i  n  a  I  etter  repri  nted  on  pp.  89-95 . 

30.  Ibid.,  p.  91. 

31.  Ibid. 

32.  Ibid. 

33.  Ibid.,  p.  92. 

34.  Ibid. 

35.  Ibid. 

36.  Ibid.,  p.  93. 

37.  F.  Russdl  Bichowsky,  quoted  in  Betty  Gibbs,  A  History  of  the 
ChemistryDivision,  N  avai  Research  Laboratory,  1927-1982,  NRL-MR-5064 
(Washington,  DC:  Naval  Research  Laboratory,  1983),  p.  62. 

38.  Gimpd,  op.  cit,  p.  45;  Taylor,  25  Years,  pp.  13  and  24. 

39.  Bichowsky  in  GibbSy  op.  cit,  p.  61. 

40.  Ibid.,  p.  62. 

41.  Ibid.,  p.  63. 

42.  Ibid.,  pp.  65-66. 

43.  Ibid.,  p.  66. 

44.  Ibid. 

45.  Ibid.,  p.  69. 

Chapter  4 

1.  David K. Allison, A/ei/i/Eyefort/?eA/a\/y(Washington, DC:  NRL, 
1981),  p.  30,  referring  to  Llo^  Scott,  Navai  Consuiting  Board  of  the 
United  States  (Washington,  DC:  Government  Printing  Office  1920) 
p.  23. 

2.  Taylor,  The  First  25  Years  of  the  Navai  Research  Laboratory 
(Washington,  DC:  Navy  Department  1948),  p.  14. 

3.  Allison,  op.  cit,  p.  51. 

4.  Taylor,  op.  cit,  p.  29. 


references  and  notes  ♦  367 


5.  Ibid.,  p.  67. 

6.  Leo  Young,  quoted  by  Alii  son,  op.  cit.,  p.  61. 

7.  Taylor  letter  excerpted  in  Allison,  op.  cit,  p.  62. 

8.  Al my  letter  excerpted  in  Allison,  op.  cit,  p.  63. 

9.  Allison,  op.  cit,  p.  63. 

10.  Ibid.,  p.  68. 

11.  General  Order,  November  3,  NRL  Historian 's files 

12.  Excerpt  of  H  ooper  memorandum  repri  nted  i  n  Al  I  ison,  op.  cit., 
p.  69-70. 

13.  Admi  ral  Robi  nson.  Letter,  0 ct.  14,  N  RL  H  i stori  an's  fi  I  es 

14.  Oberlin  letter,  Oct.  22,  NRL  Historian's  files 

15.  Oberlin  letter,  Nov.  2,  NRL  Historian'sfiles 

16.  Allison,  op.  cit,  pp.  68-78. 

17.  Oliver  rebuttal  excerpted  in  Allison,  p.  75. 

18.  Allison,  op.  cit,  p.  77;  Taylor,  25  Years,  p.  31. 

19.  Taylor,25  Years,  p.  32;  HerbertGimpel  rtfersto  an  unpublished 
history  by  A.T  Drury,  1954. 

20.  Taylor,  op.  cit,  p.  32. 

21.  I  bid.,  note  at  bottom  of  p.  38. 

22.  The  following  radar  story  relies  heavily  on  David  Allison's 
wonderful ,  thorough  account  i  n  A/  ei/i/  Eye  for  the  N  avy. 

23.  Robert  Morris  Page  oral  history,  NRLHistorian'sfiles;  Allison 
provides  biographical  sketch  of  Page  on  pp.  85-88  of  New  Eye  for  the 
Navy. 

24.  Ibid.,  p.  88. 

25.  Ibid.,  p.  82. 

26.  Taylor,  Radio  Reminiscences,  p.  173. 

27.  Ibid.,  p.  173. 

28.  Ibid.,  p.  174. 

29.  Bowen's  letter  is  excerpted  in  Allison,  op.  cit,  pp.  95-96. 

30.  Ibid. 

31.  Taylor,  Radio  Reminiscences,  p.  191. 

32.  Robert  Morris  Page  oral  history,  pp.  116,  IL7. 

33.  Ibid. 

34.  Ibid.  p.U8. 

35.  Allison,  op.  cit,  p.  110. 

36.  Ibid.,  p.  IL2. 

Chapter  5 

1.  Albert  Hoyt  Taylor,  The  First  25  Years  of  the  Navai  Research 
Laiboratory  (Washington,  DC:  Navy  Department  1948),  p.  33. 

2.  Ibid.,  p.  42. 


368  ♦  references  and  notes 


3.  Ibid.,  p.  33. 

4.  HerbertG impel,  unpublished  history  of  NRL,  1975,  p.  108. 

5.  Much  of  thematerial  abouttheChemistry  Division  isderived 
from  Betty  Gibb's  short  history  of  the  Chemistry  Division,  and  from 
Gimpel  and  Taylor. 

6.  Taylor,  op.  cit,  pp.  33-34. 

7.  Ibid.,  p.  50. 

8.  I  nteresti ngly,  the  Army  woul d  draw  on  these  negative  results 
wh  en  i  t  retu  rn  ed  to  th  e  possi  bi  I  i  ty  of  usi  n  g  arti  f  i  ci  al  I  i  ght  to  camouf  I  age 
ai  rpl  anes  duri  ng  Worl  d  War  1 1 .  TheArmy's  Ai  r  Corps  wanted  i  tstorpedo- 
hunting  planes  to  get  within  30  seconds  flying  time  of  a  surfaced 
submarine  before  being  detected  by  vigilant  lookouts  At  this  time; 
radar equipmentwasstill  crudeenoughthatsubmarinesstill  relied  on 
human  lookouts.  Since  the  torpedo-hunters  would  approach  a 
submarine  head-on,  the  Army  wondered  if  only  the  front  end  of  the 
pi  ane  needed  I  i  ghti  ng  i  nstead  of  theenti  re  fusel  age  Research  conducted 
under  the  auspices  of  the  powerful  wartime  research  coordinating 
organization  known  as  the  National  Defense  Research  Committee 
ended  upprovingtheprinciplewithtestflights  Bythattime  however, 
radar  technology  had  progressed  to  the  point  of  rendering  the 
illumination  irrelevant  as  a  concealment  tactic.  (AAH  S  Journal,  15(4), 
25-262) .  As  i  n  the  I  i  vi  ng  ki  ngdom,  the  pri  nd  pi  es  of  evol  uti  on  descri  be 
thesurvival  or  disappearanceof  new  technological  species 

9.  Taylor,  op.  cit,  p.  51. 

10.  Ibid. 

11.  I  bid.,  Tayl  or  quotes  Edison's  remarks  to  the  H  ousecommittee 
p.  53. 

12.  Ibid. 

13.  David K. Allison, A/ eiv Eye fort/?eA/a\/y(Washington,  DC:  Naval 
Research  Laboratory,  1981),  p.  133. 

Chapter  6 

1.  Albert  Hoyt  Taylor,  The  First  25  Years  of  the  Naval  Research 
Laiboratory  (Washington,  DC:  Navy  Department  1948),  p.  55. 

2.  The  Pilot  ran  regularly  during  the  war  and  was  a  precursor  to 
the  present  day  L abstracts.  Copi es  of  ol  d  i ssues  are  i  n  the  offi  ce  of  the 
N  RL  H  istori  an  as  wel  I  as  i  n  N  RL's  Offi  ce  of  PubI  i  c  Affai  rs 

3.  Taylor,  op.  cit,  p.  55. 

4.  Henry  M.  Suski,  letter  to  mq  July  22, 1997. 

5.  Louis  Gebhard,  Evolution  of  Naval  Radio-Electronics  and 
Contributions  oftheNaval  Research  Laiboratory  (Washington,  DC:  Naval 
Research  Laboratory,  1979),  p.  255. 


references  and  notes  ♦  369 


6.  Ibid.,  pp.  256-258;  Taylor,  op.  cit.,  p.  61. 

7.  Taylor,  op.  cit,  p.  61. 

8.  Harold  Bowen,  Ships,  Machinery,  and  M  ossbacks;  The 
Autobiography  of  a  Navai  Engineer  (Princeton:  Princeton  University 
Press,  1954),  pp.  157-158;  Jack  Brown,  personal  communication. 

9.  Taylor,  op.  cit,  p.  68. 

10.  Harold  Lorenzen,  Report  of  NRL  Progress  (Washington,  DC, 
1973)  page  56. 

11.  Alfred  PriceH/storyof£/ectron/cl/l/arfare(U.S.:  Association  of 
Old  Crows,  1984),  volume  1,  pp.  15,  35. 

12.  Gebhard,  op.  cit,  p.  300. 

13.  Price  op.  cit,  pp.  21-33. 

14.  Harold Lorenzen,ShortHistoryofCountermeasuresattheNavai 
Research  Laboratory,  unpublished,  NRL  Hi  stori  an 'suffice  p.  1. 

15.  Ibid. 

16.  Price  op.  cit,  p.  94. 

17.  Taylor,  op.  cit,  p.  69. 

18.  Lorenzen,  A/ RL  Progress,  p.  57. 

19.  Lorenzen,  A  Short  H istory,  op.  cit,  p.  3. 

20.  Ibid.,  p  3. 

21.  Taylor,  op.  cit,  p.  69. 

22.  Price  op.  cit,  p.  32. 

23.  Ibid.,  p.  99. 

24.  Ibid.,  p.  256. 

25.  Marvin  Lasky,  U.S.  Navai  Journai  of  Underwater  Acoustics— 
35(3),  p.  570. 

26.  Navy  Department  Booklet,  Sonar  (Washington,  DC:  Navy 
Department  1946)  p.  6. 

27.  Ibid.,  p.  7. 

28.  A.  H.  Drury,  War  History  of  the  Navai  Research  Laboratory, 
unpublished,  1954,  p.  221. 

29.  Navy  Department  Sonar  booklet,  op.  cit,  p.  2. 

30.  Ibid.,  p.  3. 

31.  H  .C.  Hayes,  "Anti  submarine  Warfare"  NRL  ReportS1959, 5 
November  1942;  a  writeup  by  Burton  H  urdle 

32.  Ibid.,  p.  11. 

33.  Quot^  in  "SONAR. . .  Detector," OPNAV publication  P413- 
104  (Washington,  DC:  Navy  Department  April  9, 1946),  p.  1. 

34.  Drury,  op.  cit,  p.  229. 

35.  Ri  chard  Tuve  tal  k  entiti ed  'The  Evol  uti  on  of  the  U  .S.  N  avy 
'Shark  Chaser'  Chemical  Shark  Repellent"  given  at  the  Symposi um 
in  Basic  Research  Applications  to  the  Development  of  Shark 


370  ♦  references  and  notes 


Repdlentsat  annual  meetingoflnstituteof  Biologcal  Sciences  in  April, 
1958). 

36.  ConstanceM.  Pechuraand  David  P.  Rail  (editors),  Veteransat 
(Washington,  DC:  Institute  of  Medicine;  1993),  p.  9. 

37.  Ibid.,  p.  10. 

38.  HomerCarhart,  oral  history  conducted  by  David  van  Keuren, 
1991,  tape  1,  si  de  2,  p.  8. 

39.  Ibid.,  p.  9. 

40.  Ibid. 

41.  Ibid.,  p.  U. 

42.  Ibid. 

43.  Pechura,  op.  cit. 

44.  Ibid.,  p.  36. 

45.  Carhart,  oral  history,  p.  13. 

46.  Ibid. 

47.  Pechura,  op.  cit,  p.  36. 

48.  Ibid. 

49.  Carhart,  oral  history. 

50.  Ibid.,  p.  21. 

51.  Ibid.,  p.  26. 

52.  Carhart  i  ntervi ew,  M  arch  1997. 

53.  Ibid.,  oral  history,  p.  27. 

54.  Pechura,  op.  cit,  p.  43-44. 

55.  Carhart  interview,  March  1997. 

56.  N  RL  Twenti eth  Anni versary  booki  et,  N  RL  H  i stori  an's  offi  ce 

57 .  1  bi  d . ,  p.  Roosevel  t's  I  etter  i  s  reprod  uced . 

58.  Ibid.  p.  9. 

59.  M  ennorandunn,  5/ 1/46,  N  RL  Fi  I  es;  H  arol  d  Bowen  i  n  M  ossbacksi 
op.  cit,  indicatestheamount  was  $1500,  p.l82. 

60.  Ibid. 

61.  Letter,  Ei  nstei  n  to  Roosevelt  August  2, 1939. 

62.  Mennorandunn,  see  isotope  separation  file;  NRL  Historian's 
office 

63.  August  9,  1945  mennoranda  to  the  Chief  of  Research  and 
I  nventi  on,  who  was  noneotherthan  former  N  RL  di  rector.  Rear  Admi  ral 
Harold  Bowen. 

64.  Abel  son  interview,  January  28, 1997. 

65.  Richard  Rhodes,  The  M  aking  of  the  Atomic  Bomh  (New  York: 
Touchstone  1986),  p.  552. 

66.  Ibid.,  pp.  552-553. 

67.  Bowen,  M  osshacks,  op.  cit.,  p.  187. 


references  and  notes  ♦  371 


68.  Arnold  Kramish,  "Hiroshima'sFirst  Victims^"  Rocky M  ountain 
N  ei/i/s,  8/6/95,  p.  93A. 

69.  Ibid. 

70.  Kramish,  personal  communication,  February  1997. 

71.  Statementsof  RossGunn to theSpecial  Committeeon  Atomic 
Energy  of  the  U.S.  Senate;  see  also  Memorandum  for  Files  (1  May 
1946)  on  the  subject,  "Early  FI i story  of  Uranium  Power  for 
Submarines,"  prepared  by  Ross  Gunn. 

Chapter  7 

1.  Flarold  Bowen,  Ships,  Machinery  and  M  ossbacks:  The 
Autobiography  of  a  N  avai  Engineer  (Princeton,  NJ:  Princeton  University 
Press,  1954),  p.  230. 

2.  FI  arvey  M .  Sapolsky,  Science  and  the  N  avy:  H  istory  of  the  0  ffice 
of  N  avai  Research  (New  Jersey:  Princeton  University  Press,  1990),  p. 

13. 

3.  Ibid.,  p.  12. 

4.  Bowen,  op.  cit.,  p.  137. 

5.  Albert  Floyt  Taylor,  The  First  25  Years  of  the  Navai  Research 
Laiboratory  (Washington,  DC:  The  Navy  Department,  1948),  p.  61. 

6.  Sapolsky,  op.  cit,  p.  23. 

7.  Ibid.,  pp.  17-19. 

8.  Ibid. 

9.  Ibid.,  p.  14. 

10.  Flarold  Bowen,  memorandum,  December  13,  1940,  NRL 
FI  istori  an 'suffice 

11.  Sapolsky,  op.  cit,  p.  10. 

12.  Ibid. 

13.  Bowen,  memorandum,  J  anuary  26, 1947. 

14.  Ibid. 

15.  Sapolsky,  op.  cit 

16.  Ibid. 

17.  File  "Steering Committee  1946"FIONRL,  minutesof  meeting 
Feb.  18, 1925. 

18.  RossGunn,  memo  dated  June  14, 1945,  NRL  FI  istori  an 's  office 

19.  A/  eiv  Scientist,  Sept.  22, 1960,  p.  781. 

Chapter  8 

1.  David  DeVorkin,  Science  with  a  Vengeance:  Flow  the  M iiitary 
Created  the  US  Space  Sciences  After  Worid  War  II  (New  York:  Springer 
Verlag,  1992). 


372  ♦  references  and  notes 


2.  WilliannCor1isSyA//AS/A  Sounding Rockeisl958-1968: A  Historical 
Summary  (Washington,  DC:  NASA,  1971 ),  pp.  IL-15. 

3.  Milton  Rosen  and  Richard  Snodgrass,  "The  High  Altitude 
Sounding  Rocket,"  in  Upper  Atmosphere  Rocket  Research,  p.47,  NRL 
Historian's  office 

4.  Biographical  information  on  Ernst  Krause  was  derived  largely 
from  an  oral  history  of  Ernst  Krause  conducted  as  part  of  the  Space 
Astronomy  Oral  Hi  story  Project,  National  Air  and  Space  Museum  and 
from  a  1987  dissertation  by  Bruce  Hevley:  Base  Research  Within  a 
M  ilitary  C ontext:  TheN  aval  Research  Laboratory  and  the  Foundations  of 
Extreme  U  Itraviolet  and  X-ray  Astronomy,  1923-1960,  pp.  99-100. 

5.  DeVorkin,  op.  dt,  p.  48. 

6.  Hevley,  op.  dt,  p.  63,  referencing  Marvin  Lasky,  "Historical 
Re/i  ew  of  U  ndersea  Warfare  PI  anni  ng  and  0  rgani  zati  on  with  emphasi  s 
on  the  Role  of  the  Office  of  Naval  Research,"  ON  R,  1975. 

7.  Hevley,  op.  dt,  p.  102. 

8.  Laboratory  Order  No.  46-45,  Navy  Department  Office  of 
Research  and  Inventions*  Naval  Research  Laboratory,  Washington,  DC, 
December  1945. 

9.  Hevley,  op.  dt,  p.ni. 

10.  J  ohn  H  agen,  "The  Laboratory  Ventures  I  nto  Space"  Report  on 
NRL  Progress  (Washington,  DC:  NRL,  1973),  p.  32. 

11.  Corliss,  op.  dt,  p.  12. 

12.  Krause  Rocket  Sonde  Research  Section  report,  NRL  Historian's 
office 

13.  Hevley,  op.  dt,  p.  122. 

14.  Ibid.,  p.  134. 

15.  Herbert  Friedman,  1992  NRL  Review  (Washington,  DC:  NRL, 
1992),  p.  24. 

16.  Rosen  and  Snodgrass,  op.  dt,  p.  48. 

17.  Friedman,  op.  dt  p.  24. 

18.  Hevley,  op.  dt,  pp.  137-138. 

19.  Ibid.,  p.l59. 

20.  Ibid.,  p.  161. 

21.  Pressrelease"RADIO  FADE-0  UTS  LINKED  TO  X-RAYSFROM 
SUN,"  National  Military  Establishment  Department  of  the  Navy, 
Washington,  DC,  March  24, 1949. 

22.  Hevley,  op.  dt,  pp.  168-171. 

23.  Ibid.,  p.  186. 

24.  Bi  ographi cal  i  nformati on  on  Fri edman  was  deri  ved  from  oral 
h  i  sto  ri  es  an  d  oth  er  materi  al  s  i  n  th  e  N  RL  H  i  sto  ry  O  ff i  ce  as  wel  I  as  f ro  m 
an  interview  with  Friedman  on  Feb.  12, 1997. 


references  and  notes  ♦  373 


25.  Hevley,  op.  cit,  p.  192.  Also,  see  Friedman's  biographical  file 
atNRL. 

26.  Herbert  Friedman,  "Reminiscences  of  30  Years  of  Space 
Research,"  NRL  Report  8IL3,  (Washington,  DC:  NRL,  1977),  p.  5. 

27.  Ibid.,  p.  4. 

28.  Ibid.,  p.  5. 

29.  Ibid.,  p.  7. 

30.  Ibid.,  p.  8. 

31.  Corliss,  op.  cit,  pp.  21-23. 

32.  Summaries  of  the  Viking  launches  appear  in  a  July  7,  1958 
replybyactingChief  of  Naval  Research  A.  B.  Metzger  to  Senator  Olin 
Johnston,  who  had  requested  information  about  the  Vanguard  Project 
under  which  the  Vi  king  rockets  were  designed.  Another  summary  of 
Vikingfli^tsSthrou^  12  appears!  n  a  differentform  in  Space  Front/ ers, 
2(2)  (May-June  1986),  pp.  3-20. 

33.  Vanguard,  A  History,  NASA;  (Homer  Newell,  Artificial  Earth 
Satel  I  ite  Program  for  the  I  GY,  4/15/56.  ( N  RL  Fi  I  e) ) . 

34.  Vanguard,  op.  cit,  p  37. 

35.  Ibid.,  p.  43. 

36.  John  Hagen,  "TheVi  king  and  the  Vanguard,"  in  Fec/ino/ogy  and 
Culture,  4(4),  (Wayne Statetlniversity  Press,  Fall  1963),  p.  438. 

37.  That  the  U  .S.  satel  I  ite  program  was  part  of  a  hi  dden  agenda  to 
develop  spy  satellites  was  part  of  the  program  of  the  conference; 
"Reco  nsi  deri  n  g  Sputn  i  k:  Forty  Years  Si  n  ce  th  e  Sovi  et  Satel  I  i  te; "  wh  i  ch 
was  held  attheSmithsonian  I  nstitution  from  September  30  to  October 
1,  1997.  The  papers  that  focused  on  this  topic  are  Dwayne  A.  Day's, 
"Cover  Stories  and  Hidden  Agendas:  Early  American  Space  and 
National  Security  Policy,"  and  Kenneth  A.  Osgood's,  "Before  Sputnik: 
National  Security  and  theFormati  on  of  U.S.  Outer  Space  Pol  icy,  1953- 
1957." 

38.  Hagen,  op.  cit.,  pp.  439-440. 

39.  Hugh  Sidey,  'The  Man  Who  Took  the  Beating  for  Vanguard," 
LifeM  agazine,  March  31, 1958  p.  35. 

40.  John  Hagen,  "Vanguard— The  Laboratory  Ventures  Into  Space" 
in  NRLProgress(Washington,  DC:  Naval  Research  Laboratory,  1973), 
p.  31. 

41.  Ibid. 

42.  Hugh  Sidey,  op.  cit,  p.  35. 

43.  Friedman,  Reminiscences,  p.l6. 

44.  Hagen,  "The  Vi  king  and  the  Vanguard,"  p.  447. 

45.  Ibid.,  p.  448. 

46.  Friedman,  Reminiscences,  p.  16. 


374  ♦  references  and  notes 


47.  Easton,  personal  discussion,  Septennber  25, 1997. 

48.  Friedman,  Reminiscences,  p.  16. 

49.  Sidey,  op.  cit,  p.  36. 

50.  Hagen,  "The  Vi  king  and  the  Vanguard,"  pp.  449-450. 

51.  Ibid.,  p.  451. 

52.  Corliss,  op.  cit. 

53.  Ibid.,  p.  36. 

54.  Peter  Wi  I  hel  m,  i  ntervi  ew,  1997. 

55.  Ibid. 

56.  Ibid. 

57.  Ibid. 

58.  JimTugman,  personal  communication,  1997. 

59.  George Carruthers,  personal  interview,  March  17, 1997. 

60.  HerbertGursky,  superintendent  of  theSpaceSciencesDivision 
relays  the  story  that  Bartoe's  parents  could  not  decide  between  the 
names  John  and  David  so  he  became  known  asJohn-David  as  a 
compromise 

61.  Diane Prinz,  personal  interview,  July  7, 1997. 

62.  Material  on  Ciementine  came  largely  from  two  collections  of 
papers— one  technical  and  the  other  consisting  of  newspaper  and 
magazine  reports  on  the  project— supplied  to  me  by  Paul  Regeon.  I 
also  relied  on  a  special  issueofSc/ence  magazine  (December  16, 1994) 
in  which  much  ofthemission'sscientificresultswasreported.  Injune 
1994,  NRL  also  published  a  beautiful  small  volume  A  Ciementine 
Coiiection,  that  includes  useful  information  and  anecdotes 

63.  Wi  1 1  i  amj .  Cl  i  nton,  "Report  on  Aeronautics  and  Space  of  Fiscal 
Year  1994,"  Congressional  Record,  pp.  S7388,  May  24, 1995. 

64.  M  ateri  al  on  N  RL's  rol  e  i  n  the  Gl  obal  Positi  oni  ng  System  was 
derived  from  discussions  with  Roger  Easton  (September  24,  1997) 
andThomasMcCaskill  (August27, 1997);  on  documentssuppliedto 
me  by  Roger  Easton  and  M  cCaski  1 1 ;  and  on  a  revi  ew  arti  cl  e  by  Ronal  d 
Beard  and  coauthors— "A  H  i  story  of  Satel  I  ite  N  avi  gati  on,"  A/  avigation: 
A  Journai  of  the  Institute  of  N avigation,  42(1),  Special  Issue  1995,  as 
well  as  on  secondary  sources,  including  "The  Global  Positioning 
S>^em,"  which  is  part  of  National  Academy  of  Sciences  project 
entitled,  "Beyond  Discovery:  The  Path  From  Research  to  Discovery." 

65.  Roger  Easton,  oral  history,  NRL  files 

66.  "TheGlobal  Positioning  System,"  an  article  by  Daniel  Kleppner 
that  Gary  Taubes  adapted  for  the  N  ati  onal  Academy  of  Sci  ences 

67.  NAA  Citation  for  the  1992  Collier  Award  reprinted  in  the 
trophy  case  of  Bui  I  di  ng  43,  N  RL. 


references  and  notes  ♦  375 


68.  WWW  homepage  (as  of  late  1997)  of  the  Naval  Center  for 
Space  Technology. 

Chapters 

1.  Alfred  Price  History  of  U.S.  Electronic  Warfare,  Vol.  2  (USA: 
Association  of  Old  Crows,  1989),  p.  1. 

2.  Gunn,  R.;  Abelson,  P.H.;  Ruskin,  R.E.;  Raseman,  C.J.;  Schade 
H.A.,  "Atomic  Energy  Submarine",  NRL  221054,  March  28, 1946. 

3.  W.A.  Shurcl  iff.  Bombs  at  Bikini:  TheO  fficial  Report  of  0 peration 
C rossroads  ( N  ew  York:  Wm.  H .  Wi se  &  Co.,  I  nc,  1947) . 

4.  John  Sanderson,  Applied  Optics,  6(12),  December  1967. 

5.  Lou  Drummeter  interview,  1997. 

6.  Ibid. 

7.  Jack  Brown  interview,  1997. 

8.  Drummeter  interview,  1997. 

9.  Ibid. 

10.  Herbert  Friedman,  Luther  Lockhart,  and  Irving  H.  Blifford, 
"Detecting  the  Soviet  Bomb:  Joe-1  in  a  Rain  Barrel,"  in  Physics  Today, 
November  1996,  pp.  38-41. 

11.  Ibid.,  p.  38. 

12.  Ibid. 

13.  Ibid.,  p.  41. 

14.  Washington  Post,  February  13, 1951. 

15.  J.E.  Sees,  A/RL  Progress,  January  1958. 

16.  Reprint  from  Paris  Symposium  on  Radio  Astronomy,  lAU 
Symposium  No.,  and  URSI  Symposium  No.  1,  R.N.  Bracewell,  ed., 
Stanford,  1959). 

17.  Edward  McLain,  preprint  for  a  Scientific  American  article  in 
NRL  files  on  Sugar  Grove  dated  Nov.  9, 1958. 

18.  Edward  F.  McLain,  A/ RL  Progress,  1958  issue 

19.  David  van  Keuren,  Project  M  oon  Bounce,  unpublished,  1997. 

20.  Ibid. 

21.  Letter  cited  i  n  van  Keuren,  op.  cit. 

22.  Van  Keuren,  op.  cit. 

23.  Ibid. 

24.  Ibid. 

25.  David  Nagel  interview,  1997. 

26.  James  Bamford,  The  Puzzle  Palace:  A  Report  on  America's  M  ost 
Secret  Agency  (Boston:  Houghton  Mifflin  Company,  1982),  p.  167- 
172. 

27.  Ibid.,  p.  168. 


376  ♦  references  and  notes 


28.  Ibid.,  p.  169. 

29.  Ibid.,  p.  156. 

30.  Captai  n  Frank  A.  Andrews,  U  SN  ( RET) ,  "Search  O  perati  ons  i  n 
theThresher  Area— 1964 Section  W,  Naval  Engineersjournal,  October, 
1965,  p.  777. 

31.  J ames,  FI .  Wakel  i  n,  J  r..  A/  ational  G eographic,  J  une  1964,  p.  761. 

32.  Ibid. 

33.  Captain  Frank  A.  Andrews,  DSN  (RET),  "Search  Operationsin 
theThresher  Area— 1964  Section  I,  Naval  Engineers  journal,  August 
1965,  p.  553. 

34.  Ibid. 

35.  NRL  FACT  SHEET:  U.S.  Naval  Research  Laboratory 
Participation  in  THRESHER  and  H-Bomb  Searches  NRL  Historian's 
office 

36.  Andrews  August  1965,  op.  cit,  p.  558. 

37.  Much  of  what  follows  is  derived  from  NRL  Memorandum 
Report  6208,  "NRL's  Deep  Sea  Floor  Search  Era— A  Brief  History  of 
the  NRL/MIZAR  Search  System  and  its  Major  Achievements,"  Nov. 
29,  1988.  This  report  contains  several  accounts  by  different  authors 
and  some  commentary  by  Walter  Brundage 

38.  John  G.  Norris  The  Washington  Post,  March  27, 1966. 

39.  N  RL  M  emorandum  Report  6208,  pp.  48-49. 

40.  Much  of  the  material  for  this  section  derives  from  an  article 
by  Homer  Carhart,  "SubmarineAtmospheric  Habitability,"  in  Report 
of  NRL  Progress,Julyl973.  Additional  sources  included  an  oral  history 
of  H  omer  Carhart  by  Davi d  van  Keuren,  several  i  n-person  i  ntervi  ews 
in  March  1997,  and  technical  papers  authored  by  Carhart  and 
colleagues 

41.  Carhart,  Report  of  NRL  Progress,  p.  68. 

42.  Ibid. 

43.  Ibid. 

44.  Ibid. 

45.  Ibid. 

46.  Much  of  the  material  for  this  section  was  derived  from  G.R. 
Irwin,  "FradureMechan'ics,"  Report  of  N RL  Progress,  July  1973,  pp.  35- 
37;  and  the  accounts  of  Irwin  in  thedivision  history  prepared  by  the 
MaterialsScienceand  Technology  Division,  published  in  May  1993. 

47.  Irwin,  NRL  Progress,  p.  35. 

48.  Bhakta  Rath,  in  his  "Inaugural  Lecture"  of  the  G.R.  Irwin 
symposium  at  the  ASM-TMS  Materials  Week  conference  held 
S^tember  15-18. 

49.  Irwin,  NRL  Progress,  page 36. 


references  and  notes  ♦  377 


50.  Rath,  op.  cit. 

51.  M ost  of  the  materi al  and  quotes  i n  this  secti on  focusi  ng  on 
David  Nagel  is  derived  from  a  1997  interview  with  David  Nagel  on 
January  30, 1997. 

52.  Most  of  the  material  in  this  secti  on  centered  on  Tim  Coffey  is 
based  on  March  3, 1997  interview  with  him  as  well  as  several  shorter 
subsequent  di  scussi  ons 

53 .  Th i s  acco unt  of  N  RL's  rol  e  i  n  the Vel  a  satel  I  i te  i  nci  dent  deri ves 

largelyfrom  an  oral  history  of  Alan  Berman  conducted  soon  after  he 
retired  as  well  as  from  several  interviews!  did  with  Alan  Berman  and 
Jack  Brown,  both  ofwhomweredirectlyinvolved  intheinvestigation. 
Additi  onal  reports  aval  I  abl  e  on  the  served  as  background. 

54.  M  ost  of  the  materi  al  for  this  subsecti  on  i  s  deri  ved  from  N  RL 
Report  535235,  "N  RL  I  nvesti  gati  ons  of  East  Coast  Acousti  c  Events  2 
December  1977—15  February  1978,"  published  March  1978.  Jack 
Brown  also  recounted  the  events  in  an  interview  in  February  1998. 

55.  Dinman  letter  appears  in  NRL  Report  535235,  p.  31. 

56.  N  RL  Report  535235,  op.  cit. 

57.  Fi  nal  Report  on  I  nvesti  gati  on  of  Gal  i  I  eo  Spacecraft  Fai  I  ure  by 
panel  chaired  by  Timothy  Coffey. 

58.  Press  rel  ease  prepared  by  NASA. 

59.  N  RL  Report  221054,  op.  cit. 

60.  M  uch  of  the  i  nformati  on  for  N  RL's  earl  y  accel  erator  work  i  s 
derived  from  in-house  materials  and  external  articles,  brochures, 
reports  etc,  in  the  NRL  FI i stori an 's  office  labeled  "nuclear  devices" 
"cyclotron,"  "Van  deGraaff,"  and  the  like 

61.  KrauseinterviewonfileaspartoftheSmithsonian Institution's 
oral  history  archives 

62.  Speech  i  n  the  N  RL  FI  i  stori  an's  fi  I  es 

Chapter  10 

1.  Organizational  charts,  NRL  FI  i  stori  an's  office 

2.  M  i  chael  Ri  ordan  and  Li  1 1  i  an  FI  oddeson,  C rystal  Fire:  the  Birth 
of  the  Information  Age  (N&/V  York:  W.W.  Norton  &  Company,  1997),  p. 

63. 

3.  Background  Report  No.  1,  "A  FI  i  story  of  Science  Pol  icy  in  the 
United  States,  1940-1985,"  a  report  prepared  for  the  Task  Force  on 
Science  Policy,  Committee  on  Science  and  Technology,  Flouse  of 
Representatives,  Ninety-Ninth  Congress,  U.S.  Government  Printing 
Office  (Washington,  DC:  1986),  p.  34. 

4.  Flomer  Carh art  interview,  March  6, 1997. 


378  ♦  references  and  notes 


5.  Backg-ound  Report  No.  8,  "ScienceSupport  by  the  Department 
of  Defense;"  a  report  prepared  for  the  Task  Force  on  Sci  ence  Pol  i  cy, 
Committee  on  Science  and  Technology,  House  of  Representatives, 
Ninety-Ninth  Congress,  U.S.  Government  Printing  Office 
(Washington,  DC:  1986),  p.  35. 

6.  Alan  Berman  interview,  April  2,  1997.  Most  of  the  material 
on  Berman  was  deri  ved  from  this  and  several  subsequent  i  ntervi  ews 

7.  Alan  Berman,  oral  history  interview  in  1982  with  Dr.  Pitts, 
NRL Historian 's office;  Alan  Berman  interview,  April  3, 1997. 

8.  James  Mu rd ay  interview,  February  13, 1997. 

9.  Jack  Brown  interview,  January  29, 1998. 

10.  Alan  Berman  interview,  1982. 

U.  Ibid. 

12.  Skip  Lackie  interviews  on  several  occasionsin  1997;filefolders 
on  theNORDA/NOARL  episodes,  NRL  Historian 's office 

13.  Numbers  derived  from  budget  data  in  annual  NRL  Fact  Books. 

14.  David  van  Keuren,  "The  Defense  Budget,  1900-1990,  An 
Historical  Overview,"  internal  NRL  document. 

15.  Tom  Giallorenzi  interview,  March  13, 1997. 

16.  Jack  Brown  interviews,  January  27  and  29, 1998. 

17.  LouisPecora  interview, January  1997. 

18.  Tim  Coffey,  "Challenges  and  Opportunities  in  Naval 
Oceanography  in  the  Post  Cold  War  World,"  address  at  the  Fifth 
International  Congress  on  the  history  of  oceanography,  San  Diego, 
CA,July8, 1993,  p.  15. 

19.  Ibid.,  p.  16, 

20.  Ibid. 

21.  William  Mosely interview, July 9, 1997. 

22 .  Eri  c  H  artwi  g  i  ntervi  ew,  M  arch  4, 1997 . 

23.  Tim  Coffey  interview,  December  5,  1996.  Most  material 
centered  on  Coffey  derives  from  thisinterview  as  well  as  several  shorter 
ones  conducted  in  1997  and  1998. 

24.  Ibid. 

25.  Ibid. 

26.  Jack  Brown,  op.  cit. 

27.  Ibid. 

28.  1997  NRL  Review,  p.v. 

Chapter  11 

1.  Jack  Brown  interview,  January  27  and  29, 1998. 

2.  Joel  Schnur  interview, January 22, 1997. 


references  and  notes  ♦  379 


3.  Ibid. 

4.  Ibid. 

5.  NRL Website (www.nrl.navy. mil). 

6.  Tom  Giallorenzi  interview,  March  13,  1997:  Joseph  Bucaro 
interview,  July  28, 1997. 

7.  Giallorenzi,  op.  cit. 

8.  FOSS:  A  Glance  at  the  Past,  July  18,  1980,  an  interview  by 
David  Allison  with  Mickey  Davis). 

9.  Giallorenzi,  op.  cit. 

10.  Ibid. 

11.  Patent  titled  "Fiber  Optic  Acoustic  Sensor"  (patent  4, 162,397: 
July  24, 1979). 

12.  Giallorenzi,  op.  cit. 

13.  Ibid. 

14.  Donald  Gubser  interview,  January  8, 1997;  Materials  Science 
and  Technology  Division,  Flistory,  Naval  Research  Laboratory 
(Washington,  DC:  May,  1993),  pp.  56-63. 

15.  Gubser  i  ntervi  ew. 

16.  Ibid. 

17.  Ibid. 

18.  Ibid. 

19.  Ibid. 

20.  Labstracts,  January  20,  1998,  p.  1;  NRL  Press  Release  "Navy 
Scientists  Demonstrate  the  World's  Flighest  Power  Superconductive 
Motor,"  December  19, 1997. 

21.  FlomerW. Carhart,  "FIRE!  (FireSuppression  Research atNRL), 
NRL  Review  1984,  Naval  Research  Laboratory  (Washington,  1984), 
p.  67;  Flomer  Carhart,  interview  March  6,  1997;  Carhart  file  NRL 
FI  istori  an 's  office 

22.  Carhart,  "FIRE!,"  p.  68. 

23.  Ibid. 

24.  Ibid.,  p.  75. 

25.  "Wei  come  Aboard:  N  RL's  Advanced  Fi  re  Research  Vessel ,  ex- 
Shadwell  (LSD-15),  NRL  (Washington,  DC:  October,  1986). 

26.  Carhart  i  ntervi  ew. 

27.  LASCO  Website  within  www.nrl.navy.mil. 

28.  Aviation  Week  and  Space  Technoiogy,  May  6, 1996. 

29.  Kenneth  Lang,  "SDHO,"  Scientific  American,  March  1997. 

30.  Guenter  Brueckner  quoted  \n  Aviation  Week,  op.  cit. 

31.  Guenter  Brueckner  i  ntervi  ew,  February  1998. 

32.  Ibid. 


380  ♦  references  and  notes 


33.  Louis Pecora  interview,  Decennber  6, 1996. 

34.  T.L Carroll, L.  M.  Pecora, and F.J .  Rachford,  "ChaoticTransients 
and  Multiple  Attractors  in  Spin-Wave  Experiments,"  Physical  Review 
Letters  59(25),  pp.  2891-2894. 

35.  Pecora  interview. 

36.  Ibid. 

37.  PR  packet  of  chaossection  of  Materials  Physics  Branch. 

38.  Pecora  interview. 

39.  Thomas  Carrol  I,  personal  communication,  February  1998. 

40.  Pecora  interview. 

41.  Randall  Shumaker  interview,  June21, 1997. 

42.  Ibid. 

43.  Ibid. 

44.  Ibid. 

45.  Ibid. 

46.  Ibid. 

47.  Ibid. 

48.  Shumaker  interview;  NRL  Brochure,  "RF  Decoys  and 
Multimission  Payload  Delivery  Platforms,"  May  1997. 

49 .  Shu  maker  i  ntervi  ew. 

50.  Lee  FI  ammarstrom  interview,  July  9, 1997. 

51.  Ibid. 

52.  Ibid. 

53.  Booklet  on  Global  Grid  provided  to  me  by  Lee  FI  ammarstrom. 

54.  FI  ammarstrom  i  ntervi  ew,  op.  cit. 

55.  Ibid. 

56.  Beth  Berselli,  "Cutting  Communications  Data  Down  to  Size" 
Washington  Post,  Business  Section  (pp.  5-6),  August  11, 1997. 

57.  FI  ammarstrom  i  ntervi  ew,  op.  cit. 

58.  John  Montgomery  interview,  February  10, 1997. 

59.  Ibid. 

60.  Bi  1 1  FI  owel  I  i  ntervi  ew,  February  1998. 

61.  Ibid. 

62.  Montgomery  interview. 

63.  Allen  Duckworth,  'Tactical  ElectronicWarfareDivision"  history. 

64.  Ibid. 

65.  Montgomery  interview. 

66.  Much  of  thematerial  forthissectionwasderived  from  a  write¬ 
up  of  the  hi  story  of  structural  anal  ysi  s  at  N  RL  provi  ded  byj  erome  Karl  e 

67.  Ibid. 

68.  Ibid. 


references  and  notes  ♦  381 


69.  Ibid. 

70.  H  erbert  H  auptman  i  n  ProceedingsofN  atural  SdencesSympos'um: 
In  Celebration  oftheJS^'' BirthdayofDr.  JeromeKarle,  1985  Nobel  Laureate 
in  C hemistry,  N  RL  ( Washi  ngton :  J  ul y  1994)  p.  29;  see al so  Bruce H  evl  ey, 
"A  N  ew  Phase  i  n  M  ol  ecul  ar-Structure  Determi  nati  on:  The  Basi  s  of  the 
Research  for  the  1985  Nobel  Prizein  Chennistry,"  in  1985  A/RL  Re\/iew 
(Washington,  DC,  1985),  pp.  3-IL. 

71.  JeromeKarlewrite-up,  op.  cit. 

72.  Dudley  Herschbach,  "The  Impossible  Takes  a  Little  Longer," 
i  n  Proceedings  of  N  atural  Sciences  Symposium:  In  C elebration  of  the  75^'' 
Birthday  of  Dr.  Jerome  Karle,  1985  Nobel  Laureate  in  Chemistry,  NRL 
(Washington,  DC:  July  1994)  p.  54. 

73.  Jerome  Karle  interview,  February  3,  1997;  oral  history,  NRL 
Historian's  office 

74.  Bruce  Hevley,  'A  New  Phase  in  Mol  ecul  ar-Structure 
Determi  nati  on:  The  Basis  of  the  Research  for  the  1985  N  obel  Prize  i  n 
Chemistry,"  in  1985  NRL  Review  (Washington,  DC,  1985),  pp.  3-11. 

75.  Jerome  Karle  writeup,  op.  cit. 

76.  Wayne  Hendrickson,  Sc/ence,  January  24, 1996,  pp.  362-364. 

77.  Jerome  Karle  writeup,  op.  cit. 

78.  Hendrickson,  op.  cit. 

79.  Jerome  Karle  writeup,  op.  cit. 

80.  Ibid. 

81.  Ibid. 

82.  Gary  Pri  nz  i  nterview,  February  1998. 

83.  Ibid. 

84.  Ibid. 

85.  Ibid. 

86.  Ibid. 

87.  Ibid. 

88.  P. Etienneetal.,/App//edP/?ys/csLeH:ers53(162); F. Saurenbach, 
et  al .,  Applied  Physics,  63(3473) . 

89.  Pri  nz  interview,  op.  cit. 

90.  Ibid. 

91.  Ibid. 

92.  C.  Chris  Herndon  interview,  February  1998;  package  of 
program  handouts,  "NRL  Code  8100  Programs  Overview,"  prepared 
for  Dr.  Fred  Saalfeld,  January  6, 1998. 

93.  Herndon  interview. 

94.  Ibid. 

95.  Ibid. 


382  ♦  references  and  notes 


Chapter  12 

1.  The  data  is  from  a  large  study  conducted  for  the  National 
Sci  ence  Foundati  on  by  the  bi  bl  I ometri  c  research  fi  rm  CH I  Research 
Inc,  H addon  Heights,  NJ. 

2.  Data  appears  i  n  Science,  October  20, 1995,  p.  379. 


B  i  bl  i  ography 


The  si  ngl  e  most  i  mportant  source  i  n  the  preparation  of  thi  s  story 
oftheNaval  Research  Laboratory  was  theNRL'sHistorian'sOffice  In 
addition  to  the  human  warehouse  of  historical  information  in  the 
form  of  David  van  Keuren,  the  office  harbors  bookcases  and  file  cabi¬ 
nets  filled  with  biographical  information,  oral  histories,  Laboratory 
anniversary  addresses,  award  citations,  pressreleases,  internal  Labo¬ 
ratory  and  division  communications,  copies  of  memos  and  memo¬ 
randa,  archivesof  newsletters,  photog'aphSy  countlessfilesonthegreat 
and  minute  topics  that  comprise  an  institutional  history,  and  many 
other  types  of  documents  whose  i  nfl  uence  has  made  its  way  i  nto  this 
book  overti  y  or  more  subtl  y. 

I  also  relied  heavily  on  asmall  but  extremely  valuable  scholarly 
literature  centered  on  NRL.  Long  and  short  works  both  by  profes¬ 
sional  historians  and  NRL  researchers  fall  under  this  category  In  ad¬ 
dition  to  these  sources,  I  have  consulted  many  official  NRL  reports 
and  memoranda  available  at  the  NRL  library  as  well  as  the  annual 
NRL  Rew'eivs,  which  provi deyear-at-a-timesnapshots of  NRL's research 
portfolio.  Moreover,  NRL  has  published  many  booklets,  pamphlets, 
pressreleases*  and  other  special  publicationsthathavecomein  handy. 
To  these  I  have  added  several  dozen  of  my  own  interviews,  and  many 
additional  documents*  letters,  and  other  items  harvested  from  these 
contacts  via  phone  e-mail,  and  other  means 

This  is  not  the  place  to  provide  a  full  catalog  of  these  sources 
Specific  footnotes  in  specific  chapters  refer  readers  to  specific  docu- 
mentati  on .  Bel  ow,  therefore  i  s  a  sel  ected  I  i  st  merel  y  representati  ve  of 
the  much  I  arger  reservoi  r  of  resources  consulted  for  this  book. 


383 


384  ♦  bibliography 


W  ritingsthat  focus  on  N  RL  History 

Allison,  David  Kite  New  Eye  for  the  Navy:  The  Origin  of  Radar  at  the 
N avai  Research  Laboratory,  NRL  Report  8466  (Washington,  DC:  Naval 
Research  Laboratory,  September  29, 1981). 

D  ru  ry,  A.T. ,  4  War  Hi  story  of  the  N  a  vai  R  esearch  L  aboratory,  u  n  pu  bl  i  sh  ed , 
1954. 

Gebhard,  Louis  A.,  Evoiution  of  N  avai  Radio-Eiectronics  and  Contribu¬ 
tions  of  the  N  avai  Research  Laboratory,  NRL  Report  8300  (Washington, 
DC:  NRL,  1979). 

Gibbs*  BettyC.,/A  History  of  theChemistry  Division,  N  avai  Research  Labo¬ 
ratory,  Washington,  DC,  1927-1982.  NRL-MR-5064  (Washington,  DC: 
NRL,  April  22, 1983). 

Gimpel,  Herbert,  H;  story  of  A/.  R.L.,  two  volumes  (first  50  years),  un¬ 
published,  1975. 

Hevley,  Bruce  Basic  Research  Within  a  M iiitary  Context:  TheNavai  Re¬ 
search  Laboratory  and  the  Foundations  of  Extreme  Uitravioiet  and  X-ray 
Astronomy,  1923-1960  (Baltimore  MD:  Johns  Hopkins  University, 
1987). 

M  ateriais Science  and  Technoiogy  D  ivision,  H  i story,  N RL/PU-6300— 93- 
240  (Washington,  DC:  NRL,  May  1993). 

Taylor,  A.  Hoyt,  TheFirst  Twenty  Five  Yearsof  NRL  (Washington,  DC: 
N  avy  Department,  1948) . 

van  Keuren,  David,  "Science,  Progressivism,  and  M  iiitary  Preparedness: 
The  Case  of  the  N  avai  Research  Laboratory,  1915-1923"  in  Technoiogy  and 
C  u/ture  (Chicago,  IL:  Society  for  the  Hi  story  of  Technology,  1992). 

van  Keuren,  David,  "Moon  In  Their  Eyes:  Communication  Moon  Re- 
lay(CMR)  attheNaval  Research  Laboratory,  1951-1962,"  unpublished, 
1997. 


bibliography  ♦  385 


NRL  Publications 

A  Clementine  Collection  (companion  bookto  the  exhibit  by  the  same 
name)  (Washington,  DC:  Naval  Research  Laboratory, J une  1994) . 

"A  Scientific  Satellite  Proposal,"  by  the  Rocket  Development  Branch 
of  the  Atmospheric  &  Astrophysics  Division  of  the  Naval  Research 
Laboratory,  April  13, 1955. 

Brundage  Walter,  "NRL's Deep  Sea  Floor  Search  Era— A  Brief  History 
of  the  N  RL/M I ZAR  Search  Syiem  and  I  ts  M  aj  or  Achi  evements,"  N  RL 
Memorandum  Report  6208  (Washington,  DC:  Naval  Research  Labo¬ 
ratory,  November  29, 1988). 

FOSS:  A  Glance  at  the  Past,  July  18, 1980,  select!  onsfrom  an  interview 
with  Mickey  Davis  by  David  Allison. 

Friedman,  Herbert,  "Reminiscences  of  30  Years  of  Space  Research" 
(Washington,  DC:  Naval  Research  Laboratory,  August  1977). 

Friedman,  Herbert,  "From theChallengesof  World  War  II  totheFron- 
tier  of  Space"  in  NRL  Review  1992  (Washington,  DC:  Naval  Research 
Laboratory,  1992) . 

"  .  .  .  From  the  Sea:  Preparing  the  Naval  Service  for  the  21^  Century" 
( Department  of  the  N  avy,  1992) . 

Lorenzen,  Harold,  Short  FI istory  of  Countermeasures,  NRL  Historian's 
office 

NRL  Investigations  of  East  Coast  Acoustics  Events  2  December  1977— 15 
February  1978  and  Executive  Summary  of  NRL  Investigations  of  East 
Coast  Acoustics  Events  2  December  1977-15  February  1978. 

Proceedings  of  N  atural  Science  Symposium  at  N  RL  on  J  une  14, 1993  i  n 
honor  of  Jerome  Karl  e  NRL  Publication  NRL/PU/6000-94-252. 

Report  of  NRL  Progress  1946  (Washington,  DC:  Naval  Research  Labo¬ 
ratory,  July,  1946). 

Report  of  NRL  Progress  (Special  50‘^  Anniversary  Edition  with  histori¬ 
cal  essays)  (Washington,  DC:  Naval  Research  Laboratory,  1973). 

Skolnik,  Merrill,  "Radar  Research  and  Developmental  NRL"  (Publi¬ 
cation  No.  0073-2630)  (Washington,  DC,  July  1986). 

Taylor,  A.  Hoyt,  Rad/oRem/n/scmces;  4  Ha/f  Century  (Washington,  DC: 
NRL,  1948). 


386  ♦  bibliography 


Oral  Histories 

Alan  Berman 
Homer  Carhart 
Roger  Easton 
Herbert  Friedman 
Louis  Gebhard 
James  Griffith 
E.O.  Hulburt 
Jerome  Karl e 
Isabella  Karle 
Ernst  Krause 
Harold  Lorenzen 
Robert  Morris  Page 
Richard  Tousey 


Interviews 

Philip  Abel  son 
Alan  Berman 
Stephen  Bodner 
Gerald  Borsuk 
Robert  Brady 
Guenter  Brueckner 
Jack  Brown 
Joseph  Bucaro 
Bruce  Buckley 
George  Carruthers 
Timothy  Coffey 
Henry  Dardy 
Louis  Drummeter 
Roger  Easton 
Edward  Franchi 
Herbert  Friedman 
Thomas  Gial  I  orenzi 
John  Gilfrich 


Donald  Gubser 
Herbert  Gursky 
Eric  Hartwig 
Lee  H  ammarstrom 
Jerry  Hannan 
Charles C.  Herndon 
William  Howell 
Burton  Hurdle 
Isabella  Karle 
Jerome  Karle 
Tom  Kawecki 
Arnold  Kramish 
Skip  Lackie 
Robert  LeFande 
Philip  Mange 
Christie  Marri  on 
Fred  McCaskill 
Alan  Meyerowitz 


John  Montgomery 
William  Mosely 
James  Mu rday 
David  Nagel 
SueNumrich 
Sidney  Ossakow 
Louis  Pecora 
Diane  Prinz 
Gary  Pri  nz 
Bhakta  Rath 
Fred  Saalfeld 
Randall  Shumaker 
Merrill  Skolnik 
Joel  Schnur 
David  Venezky 
Peter  Wilhelm 
Bob  Whitlock 


bibliography  ♦  387 


BooIg^  Journal  Articles^  and  other  Primary  and  Secondary  Sources 

Andrews,  Captain  FrankA.,  USN  (Retired),  "Search  Operations  in  the 
Thresher  Area,  1964,"  Section  1 1 ,  A/  aval  Engineersjournal,  October  1965. 

Applied  Optics  (Special  Issue  devoted  to  the  Naval  Research  Labora¬ 
tory),  6(12),  December  1967. 

Bamford,  James,  The  Puzzle  Palace:  A  Report  on  America's  M  ost  Secret 
/Agency  (Houghton  Mifflin  Company:  Boston,  1982). 

Beard,  Ronald  and  coauthors— "A  Hi  story  of  Satellite  Navigation,"  in 
Navigation:  A  Journal  of  the  Institute  of  Navigation,  42(1),  Special  Issue 
1995. 

Blumtritt,  Oskar,  et  al.  (editors).  Tracking  the  History  of  Radar  (Insti¬ 
tute  of  Electrical  and  Electronic  Engineers,  Inc:  NJ,  1994). 

Bowen,  Harold,  Ships,  M  achinery,  and M  ossbacks;  theAutobiographyofa 
Naval  Engineer  (Princeton:  Princeton  University  Press,  1954). 

Buderi,  Robert,  The  Invention  that  Changed  the  World  :  How  a  Small 
Group  of  Radar  Pioneers  Won  theSecond  World  War  and  Launched  a  Tech¬ 
nological  Revolution  (New  York:  Simon  &  Schuster,  1996). 

Butrica,  Andrew].,  (ed.), Beyond f/?e/ono^here (Washington,  DC:  Na¬ 
tional  Aeronautics  and  Space  Administration,  1997). 

Clementine  issue,  many  authors,  Sc/mce,  December  16, 1994. 

Cl  i  nton,  Wi  1 1  i  am  J .,  "Report  on  Aeronaut!  cs  and  Space  of  Fiscal  Year 
1994,"  Congressional  Record  (Senate),  p.  S7388,  May  24, 1995. 

Coffey,  Timothy,  "Challenges  and  Opportunities  in  Naval  Oceanog¬ 
raphy  i  n  the  Post  Cold  War  Worl  d,"  address  to  the  Fifth  I  nternational 
Congress  on  the  History  of  Oceanography,  San  Diego,  CA,  July  8, 
1993. 

Corl  iss,  Wi  1 1  iam,  NASA  Sounding  Rockets  1 958-1968:  A  H  istorical  Sum¬ 
mary  (Washington,  DC:  NASA,  1971). 

Day,  DwayneA.,  "Cover  Stories  and  Hidden  Agendas:  EarlyAmerican 
Space  and  National  Security  Policy,"  paper  presented  at  the  meeting 
Reconsidering  Sputnik:  Forty  Years  Since  the  Soviet  Satellite,  Washi  ngton, 
DC,  September  30-November  1, 1997. 


388  ♦  bibliography 


DeVorki  n,  Davi  d  H Science  with  A  Vengeance:  H  ow  the  M  iiitary  C reated 
theU.S.  Space  Sciences  after  Worid  War  II  (New  York:  Springer-Verlag, 
1992). 

Friedman,  Herbert,  The  Astronomer's  U  niver^:  Stars  Galaxies  and  Cos¬ 
mos  (New  York:  W.W.  Norton  &  Company,  1990). 

Friedman,  Herbert  and  Luther  Lockhart  and  Irving  Blifford,  "Detect- 
ingtheSoviel:Bomb:Joe-lln  ARain  Barrel,"  in P/ryacs Today,  Novem¬ 
ber  1996. 

Green,  Constance  and  Milton  Lomask,  Vanguard:  A  H /story  (Washing¬ 
ton,  DC:  NASA,  1970). 

Hagen,  John,  'The  Viking  and  the  Vanguard,"  in  Technology  and  Cul¬ 
ture,  VolumelV,  no.  4  (Wayne  State  University  Press,  Fall  1963). 

Hendrickson,  Wayne  "The  1985  Nobel  Prize  in  Chemistry,"  Sc/ence, 
January  24, 1986,  pp.  362-364. 

Hessel,  R,  et  al..  Chemistry  in  Warfare:  Its  Strategic  Importance  (New 
York:  H  asti  ngs  H  ouse  1942). 

H  oweth,  L.S.,  H  i story  of  C ommunications-Electronics  in  the  U  nited  States 
/Vavy  (Washington,  DC:  Bureau  of  Ships  and  Office  of  Naval  History, 
1963). 

Klein,  Elias,  "Some Background  H i story  of  Ultrasonics,"iourna/  of  the 
Acoustical  Society  of  America,  20(5),  601-604,  September,  1948. 

Kleppner,  Daniel  (with  GaryTaubes),  "The  Global  Positioning  Sys¬ 
tem,"  in  series  titled  Beyond  Discovery :  The  Path  From  Research  to  FI  u- 
man  Benefit  (Washington,  DC:  National  Academy  of  Sciences,  August 
1996). 

Kramish,  Arnol d,  "H  i  roshi  ma's  Fi  rst  Vi  cti  ms,"  Rocky  M ountai  n  N  ews, 
August  6, 1995. 

"Naval  Research  Laboratory,"  in  Product  Eng/neer/ng,  June  1946. 
Norris,  John  G.,  Washington  Post,  Sunday  March  27, 1966. 

N  RL  Web  Site  ( http://www.nrl  .navy.mi  I ) . 

Osgood,  Kenneth,  A.,  "Before Sputnik:  National  Security  and  the  For¬ 
mat!  on  of  U.S.  Outer  Space  Policy,  1953-1957),"  paper  presented  at 


bibliography  ♦  389 


the  meeti  ng  Reconadering  Sputnik:  Forty  Years  Since  the  Soviet  Satdiite, 
Washington,  DC,  Septennber  30-Novennber  1, 1997. 

Page  Robert  M.,  The  Or/g/n  of  Radar  (New  York:  Anchor  Books,  1962). 

Pechura,  Constance  M.,  and  David  P.  Rail  (editors).  Veterans  at  Rid<: 
TheHeaith  Effects  of  M  ustard  Gas  and  Lewisite  (Washington,  DC:  Na¬ 
tional  Acadenny  Press,  1993). 

Price  Alfred,  The H istory  of  U S  Eiectronic  Warfare,  Volumel  (Associa¬ 
tion  of  Old  Crows:  Arlington,  VA,  1984). 

Price  Alfred,  The  FI  istory  of  US  Eiectronic  Warfare,  Volunne2  (Associa¬ 
tion  of  Old  Crows:  Arlington,  VA,  1989). 

Rath,  Bhakta,  "George R.  Irwin,"  presented  atG.R.  Irwin  Symposium 
attheASM-TlviSMaterialsWeek,  Indianapolis,  September  15-18, 1997. 

Regeon,  Paul  ,etal..  Paper  No.  96-e-40V,  the  Twentieth  International 
Symposium  on  SpaceTechnology  and  Science  and  Eleventh  IAS  con¬ 
ference  1996. 

Rhodes,  Richard,  The  M  aking  of  the  Atomic  Bomb  (New  York:  Simon  & 
Schuster,  Inc,  1986). 

Rosen,  Milton  and  Richard  Snodgrass,  "The  High  Altitude  Sounding 
Rocket,"  in  Upper  Atmosphere  Rocket  Research,  p.47.  NRL  History  Of¬ 
fice  Code  5204. 

Sapolsky,  Harvey,  M. ,Sc/ence  and  the  A/ a\/y(  Princeton:  Princeton  Uni¬ 
versity  Press  1990). 

Scott,  Lloyd,  N  avai  Consuiting  Board  of  the  United  States  (Washington, 
DC:  Government  Printing  Office  1920). 

Skolnik,  Merrill,  "FiftyYears  of  Radar,"  Proceedings  of  the  IEEE,  73(2), 
February  1985. 

Sidey,  Hugh,  'The  Man  Who  Took  the  Beating  for  Vanguard,"  Life 
Magazine,  March  31, 1958,  New  York,  p.  35. 

"SONAR . . .  Detector,"  (OPNAVP413-104)  Navy  Department,  Office 
of  Chief  Naval  Operations  Washington,  DC,  April  6, 1946. 

Sternhell,  Charles  and  Alan  Thorndike  Antisubmarine  Warfare  in 
World  War  II,  OEG  Report  No.  51  (Washington,  DC:  Navy  Depart¬ 
ment,  1946) . 


390  ♦  bibliography 


Sweeney,  John,].,  Elias  Klein:  The  First  Eighty  Years  (short  bi  ography  i  n 
booklet  form),  published  January  1968. 

van  Keuren,  David,  "Science and  theFederal  Patron:  Post-World  War 
II  Government  Support  of  American  Science"  introduction  to  Sc;  ence 
and  the  Federal  Patron:  Post-World  War  II  Government  Support  of  Ameri¬ 
can  Science  edited  by  David  van  Keuren  and  Nathan  Reingold. 


Acronym  Glossary 


ABM  —  Anti  bal  I  i  sti  c  M  i  ssi  I  e 

ACG— Ai  rborne  Coordi  nati  ng  Group 

AFFF— Aqueous  Fi  I  m  Fornni  ng  Foam 

AFO  SR— Ai  r  Force  Offi  ce  of  Sci  enti  fi  c  Research 

APL— AppI  i  ed  Physi  cs  Laboratory 

ARO— Army  Research  Office 

ARPA— Advanced  Research  Projects  Agency 

ASW— Anti  submari  ne  Warfare 

ATM— Asynchronous  Transfer  Mode 

BM  D 0 — Bal  I  i  sti  c  M  i  ssi  I  e  D efense  0  rgan  i  zati  on 

BuAi  r—  Bureau  of  Aeronaut!  cs 

BuEng— Bureau  of  Engineering 

BuOrd— Bureau  of  Ordnance 

Cal  sphere— Cal  i  brati  on  Sphere  satel  I  ite 

Cal  Tech— California  Institute  of  Technology 

CAM  S— Central  Atmosphere  M  easurement  System 

CFCs— Chi  orofi  uorocarbons 

CIA— Central  Intelligence  Agency 

Cl  W— Carnegie  Institution  of  Washington 

CM R— Communication  Moon  Relay 

CNN — CabI  e  N  ews  N  etwork 

CNO— Chief  of  Naval  Operations 

CRADA— Cooperative  Research  And  Development  Agreement 
CRD— Coordinator  of  Research  and  Development 
CRG— Combined  Research  Group 
0^1— Command,  Control,  Communications,  Computers, 
and  Intelligence 

DARPA— Defense  Advanced  Research  Projects  Agency 

DF— Direction  Finding 

DN  A— Defense  N  ucl  ear  Agency 

DoD— Department  of  Defense 

DoE— Department  of  Energy 

DoT— Department  of  Transportation 

ELI  NT— El  ectroni  c  I  ntel  I  i gence 

EW—  El  ectron  i  c  Warfare 

FAA— Federal  Avi  ati  on  Admi  ni  strati  on 

FOSS— Fi  ber  0 pti  c  Sensor  System 


391 


392  ♦  acronym  glossary 


GeV—Giga  electron  volts 

GMR— Giant  Magneto  resistance 

GPS— Global  Posit! oningSystenn 

H  AN  E— H  i  gh  Al  ti  tude  N  ucl  ear  Effects 

H  RTS— H  i  gh  Resol  uti  on  Tel  escope  and  Spectrograph 

H  TSC— H  i  gh  Tran  si  ti  on  -tennperatu  re  Su  perco  n  d  u  ctor 

IDM— Improved  Data  Modem 

IFF— Identification:  Friend  or  Foe 

I  GY— International  Geophysical  Year 

1 0  M— I  nstitute  of  M  edi  ci  ne 

J  FI  U  — J  ohns  FI  opki  ns  U  n  i  versi  ty 

JPL— Jet  Propulsion  Laboratory 

km— kilometer 

kFIz— kilohertz 

LASCO— Large  Angle  and  Spectrometric  Coronagraph 

Laser— Light  amplification  by  the  stimulated  emission  of  radiation 

LEO — Low-  Earth  O  rbi  ti  n  g  Satel  I  i  te 

LI  PS— Li  vly  PI  ume  Shi  eld 

LLN  L— Lawrence  Livermore  N  ati  onal  Laboratory. 

LOFTI— Low  Frequency Trans-lonospheric satellite 
MAD— Multiple-Wavelength  Anomalous  Dispersion  -  also  Mutually 
Assured  Destruction 

MATT— Multi-mission  Advanced  Tactical  Terminal 

MBE— Molecular  Beam  Epitaxy 

Me— Megacycles 

MeV— Mega  Electron  Volts 

M  FI  z— megahertz 

M  IT— M  assachusetts  I  nstitute  of  Technology 
NAA— National  Aeronautics  Association 
N  ACA— N  ati  onal  Advi  sory  Commi  ttee  for  Aeronaut!  cs 
NAREC— Naval  Research  Computer 
NASA— National  Aeronautics  and  Space  Administration 
N  AVSPASU  R—  N  aval  Space  Su  rvei  1 1  an  ce  System 
NBS— National  Bureau  of  Standards 
N  CARAI — N  avy  Center  for  AppI  i  ed  Research  i  n  Artifi  ci  al 
Intelligence 

NCB— Naval  Consulting  Board 
NCST- Naval  Center  for  Space  Technology 
NDRC— National  Defense  Research  Committee 
NOARL— Naval  Oceanographic  and  Atmospheric  Research 
Laboratory 

N  0  RAD— N  orth  Ameri  can  Aerospace  Defense  Command 


acronym  glossary  ♦  393 


NORDA— Naval  Ocean  Research  and  Development  Activity 

NRL— Naval  Research  Laboratory 

NRO— National  Reconnaissance  Office 

NSA— National  Security  Agency 

N  SWC— N  aval  Su  rf ace  Warfare  C  enter 

NSF— National  Science  Foundation 

0  N  R— Offi  ce  of  N  aval  Research 

ORI— Office  of  Research  and  Inventions 

OSRD— Officeof  Scientific  Research  and  Development 

PAM  OR— Passive  Moon  Relay 

PPI— Plan  Position  Indicator 

R&D— Research  and  Development 

RAC— Research  Advisory  Counci  I 

Radar— Radio  Detecting  and  Ranging 

RBOC— Rapid-Blooming  Offboard  Chaff 

RRL— Radiation  Research  Laboratory 

SDI— Strategic  Defense  I  nitiative 

Sol  rad— Sol  ar  Radi  ati  on 

SO  H  O— Sol  ar  H  el  i  ospheri  c  O  bservatory 

SPASU  R— Space  Survei  1 1  ance 

SU  SI  M  —Sol  ar  U I  travi  ol  et  Spectral  I  rradi  ance  M  onitor 

TEWD— Tactical  Electronic  Warfare  Division 

TRAP— Tacti cal  Recovery  of  Ai  rcraft  Personnel 

TRE— Tacti  cal  Recei  ver  Equi  pment 

UHF— Ultrahigh  Frequency 

US— United  States 

UTE— U  nderwater  Tracki  ng  Equi  pment 
UV— Ultraviolet 

USNC— United  States  National  Committee 
U^^^— Uranium  235  (an  isotope  of  the  element) 

U238— Uranium  238  (an  isotope  of  the  element) 

VFI F— Very  FI  i  gh  Frequency 

WAVES— Women  Accepted  for  Vol  unteer  Emergency  Servi  ce 
WWI— World  War  I 
WWII— World  Warn 


A  ppendix 


Military  Directors  and  Commanding  Officers 


RADM  Williams.  Smith 

September  13, 1921 

September  15, 1921 

CAPT  Edward  L.  Bennett 

December  21, 1921 

August  24,  1924 

C APT  Paul  Foley 

September  2, 1924 

July  15, 1926 

CAPT  David  E.  Theleen 

July  15, 1926 

July  22, 1930 

CAPT  Edward  J .  M  arquart 

July  22, 1930 

November  17, 1930 

CAPT  Edgar  G.  Oberlin 

February  18, 1931 

March  2, 1932 

CDR  Edmund  D.  Almy 

March  2, 1932 

May  15, 1933 

LCDRWilburJ.  Ruble(Acting) 

May  15, 1933 

June  30, 1933 

CDRJamesB.  Will  (Acting) 

June  30, 1933 

September  5, 1933 

CAPT  Halford  R.  Greenlee 

September  5, 1933 

May  14, 1935 

CDRJamesB.  Will  (Acting) 

May  14, 1935 

June  17, 1935 

CAPT  H  oil  is  M.  Cooley 

June  17, 1935 

September  12, 1939 

RADM  Harold  G.  Bowen 

October  9, 1939 

November  5, 1942 

RADM  Alexander  H .  Van  Keuren 

November  23, 1942 

November  1, 1945 

CAPT  Henry  A.  Schade 

November  1, 1945 

January  31, 1949 

CAPT  Frederick  R.  Furth 

February  1, 1949 

J  une  9, 1952 

CAPTWillisH.  Beltz 

June  9, 1952 

March  29, 1955 

CAPT  Samuel  M .  Tucker 

March  29,  1955 

May  15, 1956 

CAPT  Peter  H.  Horn 

May  15, 1956 

Julyl,  1959 

CAPT  Arthur  E.  Krapf 

Julyl,  1959 

May  29, 1963 

CAPT  Bradley  F.  Bennett 

May  29, 1963 

January  29, 1965 

CAPTThomas  B.  Owen 

January  29, 1965 

May  29, 1967 

CAPTJamesC.  Matheson 

May  29, 1967 

June  30, 1970 

CAPT  Earl  W.  Sapp 

June  30, 1970 

July  16, 1973 

395 


396  ♦  appendix 


CAPTJohnT.  Geary 

July  16, 1973 

June  30, 1976 

CAPT Lionel  M.  Noel 

June  30,  1976 

July  31, 1978 

CAPT  Edward  E.  Henifin 

July  31, 1978 

September  4, 1981 

CAPTJohn  A.  McMorris,  II 

September  4, 1981 

October  26, 1984 

CAPT  James  P.  O'  Donovan 

October  26, 1984 

October  30, 1986 

CAPT  William  C.  Milla 

October  30, 1986 

August  26, 1987 

CAPT  William  G.  Clautice 

August  26, 1987 

June  2, 1989 

CAPTJohn J.  Doneganjr. 

June  2, 1989 

February  22, 1991 

CAPT  Paul  G.  Gaffney,  1 1 

February  22, 1991 

April  28,  1994 

CAPT  Richard  Cassidy 

April  28,  1994 

January  26, 1996 

CAPT  Bruce  W  Buckley 

January  26, 1996 

Present 

Civilian  Directors  of  Research 

Edward  0.  Hulbuit 

1949  to  1955 

OscarT.  Marzke 

1956  to  1957 

Robert  M.  Page 

1957  to  1966 

Alan  Berman 

1967  to  1982 

Ti  mothy  Coffey 

1982  to  present 

Index 


A 

Abelson,  Philip,  10,  143-148,  154,  217 
Acoustic  Division  (Naval  Research 
Laboratory):  research  in,  312-317 
Acronym  glossary,  391-393 
Advanced  Research  Projects  Agency,  286 
Advisory  Committee  on  Undersea 
Warfare  (NAS),  233 
Aerobee  rockets,  184,  188 
Aero-Jet  Corporation,  251 
Aerojet-General  Company,  191-192 
Aeronautics  Division  (Naval  Research 
Laboratory),  78 
Aerospace  Corporation,  214 
Air  Force  Cambridge  Research  Labora¬ 
tories,  197 

Air  Force  Office  of  Scientific  Research 
(AFOSR),  160,  286 
Air  Force  (U.S.):  Clementine  program 
and,  206;  GPS  project  and,  212,  214 
Airborne  Coordinating  Group  (ACG), 
108 

Aircraft  camouflage,  99 
Aircraft  Radio  Laboratory  (Anacostia 
Naval  Air  Station),  22,  26 
Allison,  David  K.,  22,  28,  92 
Almy,  E.  D.,  69-70 
Aluminaut,  240,  242 
Alvin,  240-243 

American  Superconductor,  321 
Andrews,  Frank  A.,  237,  238 
ANGUS  (Acoustically  Navigated 

Geophysical  Underwater  Survey),  244 
Annapolis,  Maryland,  19-21 
Antennae  wire  alloys,  55-56 
Anti-fouling  paint,  98 
Anti-reflective  coatings,  99 
Antisubmarine  warfare  (ASW),  114, 
125-130 
Apollo  16,  201 

Applications  Research  Division  (Naval 
Research  Laboratory),  282 
Applied  Physics  Laboratory  (Johns 
Flopkins  University),  171,  210 
Aqueous  Film  Forming  Foam  (AFFF), 
323 

Army,  U.S.:  machinery  and  equipment 
donations  from,  31,  33 


Army  Ballistic  Missile  Agency,  196,  197 
Army  Research  Office,  286 
Army  Signal  Corps  Laboratory,  171 
Artificial  blood,  310-311 
Artificial  intelligence,  276,  331 
ASB  radar  system,  114,  115 
ASM-TMS  Materials  Week,  252 
Astronauts,  203 
Atlas  rocket,  189 

ATM  (Asynchronous Transfer  Mode) 
technology,  335-336 
Atomic  clocks,  212 
Atomic  energy  research:  Bowen  and, 
158-159;  developments  in,  10, 
140-151;  origins  of,  101-102 
AT&T  Bell  Laboratories,  360 
Augusta,  57 

B 

B.F.  Goodrich  Company,  48,  127 
Baciocco,  A.J.,  331 
Baekeland,  Leo  FI .,  18 
Bain,  J.  G.,  170,  171 
Bakelite,  18 

Ballistic  Missile  Defense  Initiative 
(Star  Wars).  See  a  iso  Strategic 
Defense  Initiative  (SDI):  cost  of, 

292;  funding  of  Clementine 
program  by,  205;  NCST  and,  299; 
NRL  and,  307;  superconductivity 
funding  by,  320 

Ballistic  Missile  Defense  Organization 
(BMDO),  12,  205,  206 
Ballistics  Section  (Mechanics  and 
Electricity  Division),  101 
Bamford,  James,  235 
Barassinolide,  345 
Barret,  C.S.,  56-57 
Bartoe,  John-David,  203 
Battery  explosives,  62-63 
Battle  of  Britain,  140 
Battle  of  the  Atlantic,  126,  128,  129 
Battlefield,  digitized,  354-356 
Baus,  Richard,  225 
Bell  Laboratories,  94,  282,  349,  350 
Bellcore,  360 

Bellevue  Magazine  site  (Washington, 
D.C.),  23-25 


397 


398  ♦  index 


Bennett,  Bradley  F.,  236 
Bennett,  E.  L.,  25,  66-67 
Berman,  Alan,  212;  background  of, 
288-289;  Investigation  of  blasts  In 
New  Jersey,  267-268;  Investigation 
of  suspected  nuclear  testing, 
265-267;  as  research  director, 
286-292,  331 
Betatron,  274,  275 
BIchowsky,  Francis  Russell,  60-63 
Big  Dish,  226-227 

Biotechnology  research:  developments 
In,  308-310;  funding  for,  309 
Bird  Dogs,  159 
BIrks,  LaVerne,  255-256,  258 
BIttInger,  Charles,  99 
Blackouts:  on-board  lighting  system 
for,  99 

Bllfford,  Irving  H.,  222-223 
Borgstrom,  Parry,  61,  132,  133 
Bowen,  Flarold  G.:  atomic  energy 
research  and,  140-142,  145,  146, 
148,  158-161;  background  of,  104, 
154;  at  Bureau  of  Engineering, 
78-79,  86,  154;  following  NRL 
assignment,  156-157;  Manhattan 
Project  and,  217;  as  NRL  director, 
154-156;  Office  of  Naval  Research 
and,  160-161;  personnel  rating  of, 
153;  asTechnIcal  Aide  to  Secretary 
to  Navy,  155 
Bragg,  Braxton,  150 
Bragg,  Peter  N.,  Jr.,  149,  150 
Brelt,  Gregory,  42,  43 
Brown,  Jack:  background  of,  303-304; 

reflections  of  NRL  by,  304,  307 
Brueckner,  Guenter,  326 
Brundage,  Walter,  244 
Bucaro,  Joseph,  313-315 
Buchanan,  Chester:  FI -bomb  search 
and,  240;  Thrasher  search  and,  236, 
237,  239 

Buderl,  Robert,  115 

Bureau  of  Aeronautics  (U.S.  Navy),  99, 
100 

Bureau  of  Construction  and  Repair 
(U.S.  Navy),  112 

Bureau  of  Engineering  (U.S.  Navy): 
effect  of  Great  Depression  on,  68; 
merger  Involving,  112;  NRL  control 
and,  71,  72,  75,  76,  93,  94,  102;  NRL 
funding  by,  6,  25-26,  32,  63,  67; 
Physical  Metallurgy  Division 
research  for,  55-59;  radar  research 


and,  40,  89;  radio  research  by,  33; 
storage  battery  for  submarl  nes  and, 
20 

Bureau  of  Ordnance  (U.S.  Navy),  23; 
atomic  energy  research  and,  148; 
Chemistry  Division  and,  54,  59,  60, 
67 

Bureau  of  Ships  (U.S.  Navy):  NRL 
control  by,  112,  156;  NRL  funding 
by,  32;  nuclear  propulsion  and,  161; 
sonar  research  and,  127 
Bureau  of  Steam  Engineering  (U.S. 

Navy),  23 
Burke,  Arleigh,  232 
Bush,  George,  149 
Bush,  Vannevar,  126,  157-158,  217 
Business  Operations  Directorate 
(Naval  Research  Laboratory),  284 
Byrd,  Richard  E.,  53 


C 

Calspherel  satellite,  201 
Camouflage  developments,  99-100 
Carhart,  Flomer:  chemical  warfare  and, 
131-139;  fire  suppression  research 
and,  322-325;  on  research  funding, 
286;  submarine  submersion  and 
habitability  and,  245-248 
Carome,  Edward,  313 
Carroll,  Thomas,  328,  329 
Carruthers,  George,  201,  203 
Center  for  Blomolecular  Science  and 
Engineering,  309,  311,  317 
Central  Atmosphere  Measurement 
System  (CAMS),  248 
Chaff  technology,  123-125 
Challenger,  203 

Chaos  research,  294-295,  327-330 
Chemical  Protection  Section 
(Chemistry  Section),  98,  131 
Chemical  warfare,  21,  131,  132, 

136-139 

Chemical  warfare  research :  human  costs 
of,  138-139;  development  of  sensors 
for,  311;  human  subjects  for, 

134-136,  138,  139;  during  World 
War  II,  130-138 

Chemical  Warfare  Service  (U.S.  Army), 
98,  132 

Chemistry  Division  (Naval  Research 
Laboratory):  early  research  by, 

60-63;  establishment  of,  54,  59,  67; 
pre- World  War  11,  97-98;  VIctron 


index  ♦  399 


and,  97;  during  World  War  II, 
130-139 

Chesapeake  Bay  Detachment,  109-110 
Chester,  57-59 

Churchill,  Winston,  115,  215-216 
C^l,  354-356 
Cleeton,  Claud,  167,  168 
Clementine  program:  developments  in, 
12,  205-207,  307;  purpose  of,  205; 
success  of,  207,  214,  299 
Clinton,  Bill,  207 
Cochrane,  Edward  L.,  146 
Coffey,  Timothy:  background  of, 
260-261,  284-285;  career  advance¬ 
ment  of,  263-265;  on  end  of  Cold 
War  era,  295;  laser  fusion  and, 
263-264;  M  ars  O  bserver  spacecraft 
and,  271-272;  in  Plasma  Physics 
Division,  261-264,  292-294;  as 
research  director,  292,  295-303, 
308-310,  319,  328,  329 
Cold  War  era:  background  of,  215-216; 
detection  techniques  and,  220-225; 
equipment  used  for  intelligence 
gathering  during,  225-235;  fracture 
mechanics  research  during,  248-252; 
impact  of  end  of,  295;  nuclear  sub¬ 
marine  habitability  and,  244-248; 
plasma  physics  and,  295;  scientific 
advances  stemming  from,  273-280; 
surveillance  developments  during, 
265-272;  Thresher  search  during, 
236-244;  U.S.  nuclear  test! ng  dur¬ 
ing,  216-220;  underground  testing 
during,  252-260;  weapons  simula¬ 
tion  developments  during,  259-265 
Colley,  Hollis,  141-142 
Col  her  Trophy,  214 
Combined  Research  Group  (CRG), 

108- 110 

Commanding  Officer  (Naval  Research 
Laboratory),  284 

Commanding  Officers,  list  of,  395-396 
Committee  on  Medical  Research,  132, 
134 

Committee  on  Naval  Affairs  (House  of 
Representatives),  18,  19 
Communication  Moon  Relay  (CMR), 
229,  231 

Compton,  Karl,  157 
Conant,  James  Bryant,  148-149,  157 
Condensed  Matter  and  Radiation 
Sciences  Division  (Naval  Research 
Laboratory),  259-260 


Congress,  U.S.:  NRL  funding  and,  19, 
25,  32,  78,  155;  Sputnik  and  R&D 
funding  by,  286 
Cooley,  Hollis  M.,  86 
Cooper,  Samuel,  72 
Cooperative  Research  and  Develop¬ 
ment  Agreements  (CRADAs),  9 
Corning  Glass  Works,  312 
Corrosion  Section  (Chemistry  Divi¬ 
sion),  97-98,  130 
Countermeasures  Branch  (Naval 
Research  Laboratory),  117,  338 
Countermeasures  development: 
electronic,  118-125,  337-339; 
German,  129;  for  submarine 
warfare,  129 

Cryopreservation  techniques,  311 
Curie,  Jacques,  45,  48 
Curie,  Pierre,  45,  48 
Cushing,  13 
CXZ,  89 

Cyclotron,  276,  277 

D 

Daniels,  Josephus,  13-18,  21,  23-24, 
362 

Dardy,  Henry  (Hank),  335,  336 
David  Taylor  Model  Basin,  54 
Davis,  C.  M.  (Mickey),  313,  314 
Davis,  Leo,  184 

Deep  Space  Program  Science  Experi¬ 
ment.  See  Clementine  program 
Deep  Tow,  244 
Deep-sea  searches,  236-244 
Defense  Advanced  Research  Projects 
Agency  (DARPA),  309,  310,  313-314, 
320,  331,  332,  351-352 
Defense  Atomic  Support  Agency,  256, 
260 

Defense  Nuclear  Agency,  256,  294 
Defense  Special  Weapons  Agency,  256 
Delta  booster,  196 
Denby,  Edwin,  25 

Department  of  Defense  (DoD) :  infor¬ 
mation  technology  research  and,  331; 
R&D  funding  by,  285 
Department  of  Energy  (DoE):  laser 
research  funding  by,  11;  plasma 
research  funding  by,  285,  294 
Department  of  Transportation  (DoT),  9 
Depth  finders,  95-96 
Deputy  Chief  of  Naval  Operations  for 
Special  Weapons  (OP-06),  160-161 


400  ♦  index 


Design  and  Drafting  Section  (Navai 
Research  Laboratory),  111 
Detection  technoiogy,  221-225 
Deveiopmentai  Engineering  Corpora¬ 
tion,  232 

DeVorkin,  David,  277 
Dinman,  Geraid  P.,  268 
Direction  finding  (DF),  117-118 
Director  of  Research  (Navai  Research 
Laboratory):  Commanding  Officer 
and,  284;  description  of  first  three, 
283;  estabiishment  and  function  of, 
282-284 

Doenitz,  Kari,  129-130 
Dome shieid,  95 
Donovan,  Jack,  314 
Dorchester,  28,  37,  40 
Drummeter,  Louis  Frankiin,  Jr.:  back¬ 
ground  of,  218;  nuci ear  testing  and, 
218-220;  on  research  funding,  286 
Duckworth,  Aiien,  338 
Dudiey,  O.E.,  44,  45 
Dueppei,  123,  125 
Dupiexer,  87,  115 
DuPont,  94,  136 
Dynetics,  Inc.,  330 

E 

E.  O.  FI  ui  hurt  Center  for  Space 
Research,  164 

Easton,  Roger,  189,  192,  208,  211,  212 
Edison,  Chari es,  155;  Bureau  of  Ships 
and,  112;  NRL  status  and,  102-103 
Edison,  Thomas Aiva,  362;  dissatisfac¬ 
tion  and  disaffiiiation  with  NRL 
by,  24,  28,  65;  NRL  estabiishment 
and,  14-18,  20;  siteiocation  and, 
19-23 

Effectiveness  of  Navai  Eiectronic 
Warfare  Systems  ( EN  EWS) ,  338 
Efratom,  211 

Einstein,  Aibert,  142-143 
Eisenhower,  Dwight  D.,  190,  193,  194, 
197 

Eiectrochemistry  Section  (Chemistry 
Division),  97 

Eiectron  Optics  Branch  (Chemistry 
Division),  183 

Eiectronic  Fieid  Service  Group,  108 
Eiectronic  warfare,  336-339 
Eiectronic  Warfare  Division  (Navai 
Research  Laboratory),  117,  338. 

See  a/so  Tacticai  Eiectronic  Warfare 
Division  (TEWD) 


Emmet,  John,  264 
Engineering  Experiment  Laboratory 
(Navai  Academy),  20,  22,  26 
Engineering  research,  53-54 
Ethyi  perchi orate,  61 
Eurydice,  243 

Executi ve  D i  rectorate  ( N  avai  Research 
Laboratory),  284 
Expiorerl  sateiiite,  196 

F 

Falaba,  13 

Far  Uitravioiet  Camera/Spectrograph, 
201,  203,  204 
Farmer,  Martha,  311 
Fathometers,  10,  95-96 
Federai  Aviation  Administration  (FAA), 
9 

Fermi,  Enrico,  140,  141 
Fiber  Optic  Sensor  System  (FOSS) 
program,  314-316 
Fiber  optic  sensors,  313-316 
Fire  I  (Chesapeake  Bay  Detachment) 
(NRL),  323-324 

Fire  suppression  research,  322-325 
Fire-controi  systems,  116 
Fiippen-Anderson,  Judith,  348 
Fioccuiation,  223 
Fore  Systems,  336 

Forrestai,  James,  140,  156,  159,  221 
Fracture  mechanics  research,  249-252 
Friedman,  Flerbert,  298;  background 
of,  181;  detection  techniques  and, 
221-223,  225;  on  Project  Vanguard, 
194-195;  quartz  crystai  research  of, 
182;  rocket  research  of,  164,  165, 

171,  173,  182,  199;  soiarfiare 
research  and,  182-185;  on  Sputnik  1, 
193 

Fuei  Section  (Navai  Research  Labora¬ 
tory),  130 

Fuei  tank  corrosion,  98 
Furer,  Juiius,  119,  159 
Furth,  Frederick,  230 


G 

G.R.  Irwin  Symposium,  252 
Gaber,  Bruce,  310,  311 
Gaffney,  Paui,  II,  150 
Gamblell,  262,  263 
Gamma  ray  detectors,  222,  223 
Gas  masks,  136 


index  ♦  401 


Gebhard,  Louis,  231;  ionosphere 
research  by,  42,  43,  80;  on  Mark  III, 
109;  radio  research  by,  35,  36,  38 
Geiger  counters,  182,  222,  223 
Generai  Eiectric  Company,  18,  171,  191 
George,  Ciifford,  348 
Germany:  use  of  chemicai  warfare  by, 

21;  Worid  War  I  and,  13,  14,  21, 

131 

Giaiiorenzi,  Tom,  292-293,  313-317 
Giant  magnetoresistance  (GMR), 
352-353 

Giiardi,  Richard,  347 

Giifrich,  John,  258 

Gienn  L.  Martin  Company,  186,  187, 

191 

Giobai  Grid,  334-336,  354 
Giobai  Positioning  System  (GPS): 
appii cations  of,  213-214;  deveiop- 
mentsin,  212-213,  307;  forerunners 
to,  11,  208;  Minitrack  system  and, 

192 

Goddard,  Wiiiiam,  43 
Goddard  Space  Fiight  Center,  198 
Goidin,  Daniei,  205 
Great  Britain:  countermeasures 
deveioped  by,  123-124;  radar 
systems  deveiopment  and,  113- 115; 
radio  teiescope  deveiopments  in,  228 
Greeniee,  Haiford  R.,  84 
Groves,  LesiieR.,  145,  148 
Guadaicanai,  140 
Gubser,  Donaid,  317-322 
Guided  missiie  research.  See  also  Rocket 
program:  deveiopments  in,  170-179; 
eariy  organization  of,  169-170; 
Germany  and,  168-169 
Guided  weaponry,  120,  121 
Gul  flight,  13 

Gunn,  Ross:  background  of,  54;  on  NRL, 
163;  nuciear  research  and,  140-145, 
150,  158,  217;  research  projects  of, 
101- 102 

Guthrie,  Robert,  84-86 

H 

Hagen,  John:  accompiishments  of, 
169-170;  inteiiigence gathering 
techniques  and,  225-226;  on  NRL 
history,  170;  Project  Vanguard  and, 
190-191,  193-198 
Hagerty,  James,  188,  194 
Hahn,  Otto,  140 
Haii,  Dave,  257 


Haii,  Wayne,  255-256 
Hammarstrom,  Lee,  334-336 
"Handbook  of  Camoufi age,"  99 
Harmon,  Miiton,  60 
Hartwig,  Eric,  297 
Hauptman,  Herbert:  background  of, 
341;  Nobei  Prize  and,  307,  340, 

346;  research  of,  163,  164,  234, 

342,  346 

Hayes,  Harvey  C.:  on  antisubmarine 
program,  128;  efforts  regarding 
appropriations  by,  84;  recruitment 
efforts  of,  55;  research  projects  of, 
10,  44-49,  81,  95 
Heat  and  Light  Division  (Navai 
Research  Laboratory).  See  also 
Optics  Division  (Navai  Research 
Laboratory):  eariy  research  in,  42, 
51-54;  engineering  research  in, 
53-54;  estabiishment  of,  50-51, 

67;  pre-Worid  War  II,  98-100 
Hendrickson,  Wayne,  346 
Henschei  293  (German  bomb), 
121-121 
Heraciitus,  357 
Herndon,  Charies,  355-356 
Herschbach,  Dudiey,  342 
Hertz,  Heinrich,  34 
Heviey,  Bruce,  177-178 
High  Aititude  Nuciear  Effects  (HANE), 
261 

High  Resoiuti on  Teiescope  and 
Spectrograph  (HRTS),  203 
High  transition-temperature  supercon¬ 
ductors  (HTSC),  319 
High-aititude  nuciear  expiosion 
program,  260-263 

High-frequency  technoiogy:  deveiop¬ 
ments  in,  41;  focus  on,  37-39; 
ionosphere  research  and,  53 
Historian's  Office  (NRL),  383 
Hoiiins,  Tony,  236 
Honeyweii,  352 
Honig,  Barry,  345 

Hooper,  Stanford  C.,  26,  72,  73,  78 

Hoover,  Herbert,  25 

Hoover,  John,  144 

Hopcaiite,  246-247 

House  of  Representatives,  U.S.,  18-19 

Howeii,  Biii,  337-338 

Huang,  Luiu,  348 

Huiburt,  Edward  O.,  98,  164;  back¬ 
ground  of,  50-51;  camoufi  age 
research  and,  99,  100;  ionospheric 


402  ♦  index 


Hulburt,  Edward  O.,  (continued) 
reflection  research  of,  42,  43; 
nuclear  weapons  testing  and,  217; 
as  research  director,  283,  298; 
rocket  research  and,  173,  181, 

182;  work  with  Taylor,  51-53 
Huntress,  Wesley,  Jr.,  272 
Hurdle,  Burton,  236,  313 
Husk! ns,  Rupert,  118 
Hutchinson,  Miller  Reese,  18,  75 
Hydrophones,  44-45 
Hyland,  Lawrence,  68,  69,  79,  80 

I 

IBM  Corporation,  352,  360 
IBM  Federal  Systems  Company,  214 
IDM  (Improved  Data  Modem),  356 
IFF  (Identification:  Friend  or  Foe) 
system,  108,  109 

Information  Technology  Division 
(Naval  Research  Laboratory),  282 
Information  technology  research, 
330-334.  See  also  Internet 
Institute  of  Medicine  (lOM),  134,  138, 
139 

Institute  of  Scientific  Information,  360 
Intelligence-gathering  devices, 

225-235 

Interferometry,  314-315 
Interior  Communications  Division 
(Naval  Research  Laboratory),  93 
International  Geophysical  Year(IGY), 
186,  188-191 

International  Scientific  Radio  Union, 
188 

Internet,  334-336.  See  also  Informa¬ 
tion  technology  research 
The  Invention  that  Changed  the  World 
(Buderi),  115 

Ionosphere  research:  early  develop¬ 
ments  in,  42-43;  Hulburt-Taylor 
paper  on,  53 
Iran-1  rag  War,  337 
Irwin,  George  R.,  249-252 

J 

J.M.  G I  Ills,  236 
Jammers,  117,  119,  121,  123 
Jet  Propulsion  Laboratory  (J PL),  170, 
197;  Clementine  program  and,  206 
Jewett,  Frank,  157 
JK  equipment,  49,  127 
Joe-1,  225 

Johnson,  A.W.,  87,  90-91 


Johnson,  Montgomery,  221,  222 
Jorefsburg,  Anne,  336 

K 

Kane,  Jack,  224 

Karle,  Isabella,  163-165,  234,  298, 

340,  343-347 

Karle,  Jerome:  background  of,  340; 
Nobel  Prize  and,  307,  340,  346; 
research  of,  163-165,  234,  298, 
342-348 

Karplus,  Martin,  345 
Kennedy,  John  F.,  235 
Key  cl  i  cks,  81 

King,  Peter:  detection  techniques  and, 
223-225;  solar  flare  research  and, 
182-183 

Klein,  Elias,  48,  96,  127 
Knox,  Frank,  153,  155,  156 
Kolb,  Alan,  260,  261 
Konnert,  John,  348 
Koon,  Norman,  351 
Kramish,  Arnold,  148-150 
Krause,  Ernst:  detection  techniques, 
221;  nuclear  weapons  testing  and, 
182,  217;  Nucleonics  Division  and, 
273,  277;  Rocket  Sonde  Research 
Section  and,  180;  V-2  program  and, 
167-172 

Kreplin,  Robert,  184,  185 
Kruschev,  Nikita,  196 
Kupperian,  James,  Jr.,  184 
Kurie,  Franz,  232 
Kuwait,  337 

L 

Lachrymotors,  248 
Lang,  Kenneth,  326 
Langevin,  Paul,  46 

Large  Angle  and  Spectrometric  Corono- 
graph  (LASCO),  325-327 
Larmor,  Sir  Joseph,  42 
Laser  research,  11,  263-264,  294 
Laser-plasma-based  X-ray  lithography 
process,  260 

Lawrence  Livermore  National  Labora¬ 
tory  (LLNL):  Clementine  program 
and,  206;  laser  research  at,  11,  264, 
294;  weapons  research  at,  256 
LeBaron  Russel  Briggs,  243,  244 
LEO  (low  earth  orbiting  satellite),  355 
Ligler,  Frances,  311,  317 
Linac,  275-276 
Liquid  crystals,  307,  308 


index  ♦  403 


Living  Piume  Shieid  2  (LIPS2),  355, 
356 

Lockhart,  Luther,  222-225 
Lorenzen,  Howard:  countermeasures 
deveiopments  and,  119-122,  125; 
direction  finding  and,  117-118; 
Operation  Moon  Bounce  and, 
230-231 

Lucent  Tech noiogies,  360 
Lunn,  E.G.,  62,  63 
Lusitania,  13-15 
Lyman,  Theodore,  174 
Lyman-aipha  emission,  174-175,  178, 
199 


MAD  (Muitipie-Waveiength  Anomaious 
Dispersion),  347 

MAD  (Mutuaiiy Assured  Destruction), 
225,  252 

Magnetic  memories,  352 
Magnetism,  349-354 
Magnetism  Branch  (Navai  Research 
Laboratory),  349 

Magnetostructive  materiais,  49-50 
Man-break  test,  135 
Manhattan  Project,  7,  8,  143,  340; 
deveiopments  of,  145-148;  fore¬ 
runners  of,  101,  102;  Navy's  roie  in, 
157,  159,  217;  nuci ear  testing  by, 

216,  217 

Mansfieid  Amendment  of  1970,  287 
Marconi,  Gugiieimo,  34,  37,  40,  41 
Mark  I  Anaiyzer,  248 
Mark  III,  109 
Mark-V  IFF,  109 
Mars  Observer  spacecraft,  272 
Marshall,  Edward,  14,  18 
Marzke,  Oscar,  283 
Massa,  Lou,  348 
Maxwell,  James  Clerk,  34 
Mayer,  C.H.,  227 
MBE  machines,  350-351 
Mechanics  and  Electricity  Division 
(Naval  Research  Laboratory):  atomic 
energy  research  in,  101-102;  estab¬ 
lishment  of,  78;  functions  of,  101 
Mechanics  Division  (Naval  Research 
Laboratory),  78.  See  also  Mechanics 
and  Electricity  Division  (Naval 
Research  Laboratory) 

Mehl,  Robert  F.,  55-59,  249,  274,  282, 
283 

Meigs,  Douglas  P.,  149,  150 


Meininger,  Albert  E.,  111-112 
Meitner,  Lise,  140 
Mengel,  John  T,  189,  192 
Menzel,  Donald,  229 
Metal  castings  inspection,  56-59 
Metallurgy  Division  (Naval  Research 
Laboratory),  181 
Methyl  chloroform,  247-248 
Microtubes,  310 
Microwave  radar,  114 
Miller,  Carl,  121 
Miller,  Roman,  142 
Mini  track  System,  189,  192,  196, 
208-209 

Minneapolis  Honeywell  Company,  192 
Minuteman  Missile  program,  251 
MITE  MAV,  333 

M  /zar:  end  of  deep-sea  searches  by, 

244;  H-bomb  search  by,  240-241; 
LeBaron  Russel  Briggs  and,  243,  244; 
Scorpion  search  and,  241-242; 
Thresher  search  and,  237-239 
Molecular  Beam  Epitaxy,  350 
Montgomery,  John,  336-339 
Moon:  C/ement/ne  observation  of, 
205-207;  presence  of  water  on,  208; 
as  ref  I  ecto  r  f  o  r  rad  i  o  si  gn  al  s, 

229-234 

Mosel y,  William,  296 
Motorola,  351 

Multicavity  magnetron,  114,  115 
Multi-Mission  Advanced  Tactical 
Terminal  (MATT),  354-356 

N 

Nagel,  David:  background  of, 

252-253;  as  head  of  Condensed 
Matter  and  Radiation  Sciences 
Division,  259-260;  NAVSPASUR 
and,  253-254;  nuclear  weapons 
testing  and,  255-258;  plasma 
physics  work  of,  258-259 
NAREC  (Naval  Research  Computer), 
234,  253 

National  Academy  of  Sciences,  191, 
232-233 

National  Advisory  Committee  for 
Aeronautics  (NACA),  157 
National  Aeronautics  and  Space 
Administration  (NASA):  background 
of,  8,  11;  budget  for,  205;  Ciementine 
program  and,  206;  establishment  of, 
197,  286;  funding  of  Naval  Research 
Lab  by,  9;  NRL  exodus  to,  197-198 


404  ♦  index 


National  Aeronautics  Association 
(NAA),  214 

National  Bureau  of  Standards  (NBS), 

22,  171 

National  Defense  Education  Act  of 
1958,  286 

National  Defense  Research  Committee, 
126,  132,  151,  157 
National  Reconnaissance  Office 
(NRO),  8,  9,  299,  334 
National  Science  Foundation  (NSF), 

160,  285-286 

National  Security  Act  of  1947,  285 
National  Security  Agency  (NSA),  9 
Naugatuck  Chemical  Company,  97 
Naval  Academy,  20 
Naval  Appropriations  Subcommittee 
( FI ouse  of  Representatives),  75,  76, 

79 

Naval  Center  for  Applied  Research  in 
Artificial  Intelligence  (NCARAI), 

276,  331 

Naval  Center  for  Space  Technology 
(NCST):  description  of,  284; 
directors  of,  199;  function  for,  292, 
299,  300 

Naval  Center  for  Space  Technology 
(NRL),  12,  205,  214 
Naval  Consulting  Board  (NCB):  Edison 
resignation  from,  24;  establishment 
of,  17-18;  members  of,  18;  NRL 
funding  and,  19;  NRL  planning  and, 

23,  25,  65 

Naval  Electronics  Laboratory  (NEE), 

192 

Naval  Ocean  Research  and  Develop¬ 
ment  Activity  (NO  RDA),  291,  296 
Naval  Oceanographic  and  Atmospheric 
Research  Laboratory  (NOARL),  296, 
297 

Naval  Radio  Research  Laboratory 
(National  Bureau  of  Standards),  26 
Naval  Research  Laboratory  (NRL): 
accomplishments  of,  360-362; 
biotechnology  pixels  and,  307-312; 
buildings  on  main  campus  of,  4, 
26-27,  300-301,  358;  chaotic  pixels 
and,  327-330;  classified  and  un¬ 
classified  research  at,  8-9;  commis¬ 
sioning  ceremony  of,  27-29;  control 
over,  71-77,  93,  102,  104,  112;  current 
projects  of,  358-360;  digitized 
battlefield  and,  354-356;  effect  of 
Great  Depression  on,  64,  67,  78; 


electronic  warfare  pixels  and, 
337-339;  expansion  of,  3,  54,  288; 
fire  suppress!  on  pixelsand,  322-325; 
funding  issues  and,  6,  9,  19,  25-26, 
32,  63,  78,  155,  287-288,  291-292, 
361;  historical  background  of,  2,  5, 
14-16,  19-29;  information  technol¬ 
ogy  pixels  and,  330-334;  Internet 
pixelsand,  334-336;  liaison  groups 
within,  108-109;  magnetic  pixels  and, 
349-354;  management  of,  65-67; 
military  directors  and  commanding 
officers  of,  25,  395-396;  mission  of, 
19,  302;  Nobel  prize  research  and, 
307,  339-349;  under  office  of 
Secretary  of  Navy,  102;  optical  fiber 
pixelsand,  312-317;  patents  granted 
for,  360;  physical  description  and 
setting  of,  1-4,  24,  25-27;  post 
World  War  II  organizational 
changes  within,  281-286;  research 
budget  of,  293;  research  culture  of, 
297-300;  research  directions  of,  5- 
12,  162-164,  305,  357;  rondelleof, 
305-306;  site  selection  for,  19-20; 
solar  pixels  and,  325-327;  staff  of, 
4-5,  8-9,  31-33,  93,  105-107,  130, 
301,  358;  superconducting  pixels 
and,  317-322;  20th  anniversary  of, 
139-140;  during  World  Warn, 
105-152.  See  also  specific  divisions; 
World  War  II 

Naval  Sea  Systems  Command 
(NAVSEA),  323 

N  aval  Space  Su  rvei  1 1  an  ce  System 
(NAVSPASUR),  208,  253-254 
Naval  Surface  Warfare  Center,  320-321 
Navigation  Technology  SatelliteOne, 
211-212 

Navstar  satellites,  212,  213 
Navy,  U.S.:  early  research  labs  and,  22; 
laser  technology  funding  by,  11; 

NRL  place  within,  64,  71-77;  radio 
research  and,  34-36;  research 
interests  of,  5,  6,  67 

Navy  Department  Research  Council,  103 
Navy  General  Order  223,  72 
Navy  Navigation  Satellite  System,  210 
NDRC  (National  Defense  Research 
Committee):  Bowen  and,  158; 
chemical  warfare  and,  134;  disman¬ 
tling  of,  152;  establishment  of,  113, 
157;  function  of,  113,  126;  undersea 
warfare  and,  126,  127 


index  ♦  405 


Neher,  H  .  Victor,  222 
Newell,  Homer,  Jr.,  180,  186,  189,  198 
Nichols,  Bill,  185 
NIKE  laser,  264,  294 
Nobel  Price  in  Chemistry  (1985),  307, 
340,  346 

Nondestructive  testing,  56-59 
Normandie,  84-85 
North  American  Aerospace  Defense 
Command  (NORAD),  208 
Nova  laser,  264 
NRL  Pilot,  106,  107,  111 
NRL  Reviews,  383 
Nuclear  fusion,  11 
Nuclear  reactors,  276-279 
Nuclear  technology,  273-279 
Nuclear  testing:  cost  of,  259;  develop¬ 
ments  in,  217-220;  goals  of, 

216-217;  investigation  of  suspected 
South  African,  265-267;  scientists 
involved  in,  217,  218;  underground, 
255-260,  272 

Nucleonics  Division  (Naval  Research 
Laboratory):  establishment  of,  282; 
research  projects  in,  273-278 

O 

Oberlin,  Edgar  G.:  as  assistant  director, 
55,  66,  67;  Chemistry  Division  and, 
59;  NRL  control  and,  71-76,  93,  94, 
102;  quartz  crystal  and,  47-48 
O'Brien,  T.D.,  142 

Ocean  and  Atmospheric  Science  and 
Technology  Directorate,  285 
Ocean  Sciences  and  Engineering 
Division  (Naval  Research  Labora¬ 
tory),  285 

Office  of  Army  Research  (ARO),  160 
Office  of  Naval  Research  (ONR):  Bowen 
and,  160-161;  establishment  and 
function  of,  8,  103,  159,  160,  162; 
funding  by,  9,  166,  235;  nuclear 
testing  and,  221 

Office  of  Patents  and  Inventions,  159 
Office  of  Research  and  Inventions 
(ORI),  159- 160.  See  a/so  Office  of 
Naval  Research  (ONR) 

Office  of  Scientific  Research  and 

Development  (OSRD),  113,  119,  126, 
151,  152,  156,  217 

Office  of  the  Chief  of  Naval  Operations, 
127 

Office  of  the  Coordinator  of  Research 
and  Development  (CRD),  159 


O'Grady,  Scott  F.,  213 
Oliver,  William,  75-76 
Operation  Buster-Jangle,  219 
Operation  Crossroads,  159,  216,  217 
Operation  Greenhouse,  219 
Operation  Moon  Bounce,  229 
Oppenheimer,  Robert,  147-148 
Optical  fibers,  312-317 
Optical  Sciences  Division  (Naval 
Research  Laboratory):  research  in, 
307-317;  SDI  funding  for,  292-293 
Optical  wavelengths,  51-52 
Optics  Division  (Naval  Research 
Laboratory),  172,  173,  180-181 
Orbiter,  189 

Ordnance  Section  (Naval  Research 
Laboratory),  54 
Owen,  Tom,  288-289 

P 

Page,  Robert  Morris:  background  of, 
81-82;  PAMOR  project  and,  232; 
radar  project  and,  83-87,  89,  90, 

115;  as  research  director,  283 
PAMOR  (Passive  Moon  Relay),  230,  232 
Parsons,  Deke,  148 
Patents  Section  (Naval  Research 
Laboratory),  111 
Patterson,  A.  Lindo,  345 
Pearl  Harbor  attack,  105,  125 
Peckerar,  Martin,  259-260 
Pecora,  Louis,  295,  328-330 
Perchlorates,  60-62 
Persian  Gulf  War,  213,  338 
Philadelphia  Navy  Yard,  10 
Photoelastic  methods,  53-54 
Photon  counters,  182,  184 
Physical  and  Organic  Section  (Chemis¬ 
try  Division),  97,  130 
Physical  Metallurgy  Division  (Naval 
Research  Laboratory):  early  research 
by,  55-59;  establishment  of,  54-55, 
67;  pre-World  War  II,  100-101 
Pierce,  G.  W.,  49 
Piezoelectric  crystals,  45-49 
Plasma  Physics  Branch  (Naval  Research 
Laboratory):  Coffey  and,  260-264, 
292-294;  funding  for,  294 
Plutonium,  225 
Polaris  missiles,  250-251 
Poloskov,  Sergei,  193 
PPI  (Plan  Position  Indicator),  116 
Prinz,  Diane,  203 


406  ♦  index 


Prinz,  Gary,  349-354 
Project  Rainbarrel,  224-225 
Project  Sandstone,  221 
Project  Sierra,  292 
Project  Vanguard,  190-198,  208 
Protective  garments,  135-137 
Purpie-K-Powder  (PKP),  323 

Q 

QB  underwater  detection  system,  49, 
95,  127 

Quantum  crystaiiography,  348 
Quaries,  Donaid  A.,  189,  232 
Quartz  crystais:  research  using,  46-47; 
sources  for,  47-49 

R 

Rabi,  Isaac,  212 
Rabin,  Herbert,  307 
Rachford,  Fred,  329 
Radar  Division  (Navai  Research 
Laboratory),  94 

Radar  technoiogy:  deveiopments  in, 
6-7,  10,  28,  29,  79;  events  ieading  to 
discovery  of,  40,  69-71,  79-87; 
instaiiation  and  operation  of,  91-92; 
testing  of,  87-91;  Worid  War  II  and, 
113-116 

Radiation  detectors,  183 
Radiation  Laboratory  (Massachusetts 
Institute  of  Technoiogy),  92,  113-115, 
119,  177 

Radiation  Research  Laboratory  (RRL) 
(Harvard  University),  119 
Radio  Corporation  of  America  (RCA), 
41,  89,  91 

Radio  Division  (Navai  Research 
Laboratory):  function  of,  50,  94-95, 
97;  during  Great  Depression, 

78;  IFF  system  and,  109;  in  1920s, 

41;  originai  empioyeesof,  28,  31, 

32,  36,  40;  radar  technoiogy  and, 
94-95;  radio  detection  group  in, 
79-80;  spiit  up  of,  281;  during 
Worid  War  II,  115-117 
Radio  Materiei  Schooi,  93-94,  105 
Radio  research:  deveiopments  in,  5;  in 
eariy  years,  33-35;  high-frequency 
technoiogy  and,  37-42;  ionosphere 
and,  42,  43;  Navy  communications 
needs  and,  36;  Worid  War  II  and,  117 
Radio  Research  Laboratory,  22 
Radio  teiescopes:  Big  Dish,  226-227; 
deveiopments  in,  227-228 


Radio  wave  refiection,  41,  42 
Radiography,  57-58 
Radium,  57,  58 
Rado,  George,  349,  351 
Rath,  Bahkta,  252 
Reaction  Motors,  Inc.,  186 
Reagan,  Ronald,  292 
Regeon,  Paul,  207 
Research  Advisory  Council  (RAC), 
283-284 

Research  for  Qceanology  Directorate 
(Naval  Research  Laboratory),  285 
Reserpine,  345 
Resuscitative fluid,  311 
Reynold’s  Aluminum  Company,  240 
Rho-c,  48 

Rhodes,  Richard,  148 
Rickover,  Hyman  G.,  161,  255,  273 
Robert).  Col  Her  Trophy,  214 
Robertson,  Trafton,  139 
Robey,  Kermit,  112 
Robinson,  J.  K.,  25-26 
Robinson,  Samuel  M.,  72-73,  78,  84 
Rochelle-salt  crystals,  48-49,  96 
Rocket  program.  See  also  Guided 
mi ssi I e  research :  background  of,  8, 
10-11,  164-165;  developments  in, 
43,  170-179;  early  organization  of, 
169-170;  following  NASA  exodus, 
198-205;  launches  from  1960  to 
late  1990s,  202;  Viking  project  and, 
186-188 

Rocket  sonde,  169 

Rocket  Sonde  Research  Section  (Naval 
Research  Laboratory):  function  of, 
169-170;  upper  atmosphere  research 
by,  171;  Viking  and,  186-188 
Rockoon,  184,  185 
Rockville,  236 

Rockwell  International  Corporation, 
212,  214 

Rogers,  Matthew,  356 

Roosevelt,  Franklin  D.,  139,  142-143 

Roosevelt,  Theodore,  Jr.,  27-28 

Rosen,  Milton,  172,  180,  186,  189,  198 

Rosett,  Walter,  61,  62 

Ruble,  WilberJ.,  87 

Rudolph,  Alan,  311 

Rustan,  P.,  205 

Ruth,  Mildred  K.,  Ill 

S 

Saalfeld,  Fred,  248 
Safeguard  system,  260 


index  ♦  407 


Salisbury,  Bernard,  282 
Sanders,  W.H.,  140 
Sanderson,  John,  217,  218 
Sandy  Hook,  Newjersey,  19-22 
Sapolsky,  Harvey,  156-159 
Satellite  program:  background  of,  8; 
following  NASA  exodus,  198-203; 
IGY  and,  188-191;  launches  from 
1960  to  late  1990s,  202;  Project 
Vanguard,  190-198;  slowdown  in, 
204-205 

Satellite  Techniques  Branch  (Naval 
Research  Laboratory),  198 
Saunders,  William,  25 
Schade,  H.A.,  162 
Schindler,  Al,  308 
Schnorchel,  129,  130 
Schnur,  Joel,  307-310 
Schwarzkopf,  H.  Norman,  213 
Scripps  Institution  of  Oceanography, 
126-127,  244 
Scrugham,  James,  84,  155 
Sea  Marker,  130-131 
Secretary  of  Navy,  102 
Shapiro,  Maurice,  225 
Shark  Chaser,  130,  131 
Shiva  laser,  263-264 
Shoen,  Paul,  309-310 
Shumaker,  Randall,  331-333 
Singing  propeller  problem,  96 
621B  project,  211-212 
Sklodowska,  Marie,  45 
Smith,  Janet,  347 

Smith,  William  Strother,  23,  25,  26 
Snodgrass,  Richard,  172 
Solar  flare  research,  182-185 
Sol  ar  H  el  I  ospheri  c  O  bservatory 
(SOHO),  325 

Solar  physics  research,  325-327 
Solar  Ultraviolet  Spectral  Irradiance 
Monitor  (SUSIM),  203 
Solid  State  Division  (Naval  Research 
Laboratory),  282 
Sol  rad  I,  199 

Sonar  systems:  development  of,  45-46, 
50;  equipment  for,  127;  radar  and, 81 
Sonic  Depth  Finder,  10 
Sound  Division  (Naval  Research 
Laboratory):  function  of,  50,  81; 
during  Great  Depression,  78;  mag- 
netostructive  materials  research  in, 
49-50;  piezoelectric  crystal  research 
in,  46-49;  pre- World  War  II  research 
projects  of,  95-96;  submarine  re¬ 


search  in,  44,  95;  during  World  War 
II,  125-128 

South  Pole,  1929  flight  over,  53 
Soviet  Union.  See  also  Cold  War  era 
Sputnik  program  and,  193,  194, 

217;  weapon  testing  and,  220,  224, 
225 

Space  Shuttle  Program  (NASA),  203 
Space  Systems  Development  Depart¬ 
ment,  354 

SPASUR  (Space  Surveillance  System), 
196,  201 

Special  Developments  Section  (Naval 
Research  Laboratory),  119,  120 
Special  Projects  Section  (Naval 
Research  Laboratory),  120-122 
Special  Research  Section  (Chemistry 
Division),  130-131 
Sprague,  Frank J.,  22-23 
Sputnik  program,  193,  194,  217,  286 
SSJohn  Harvey,  137 
Stanford  University,  360 
Star  Wars.  See  Ballistic  Missile  Defense 
Initiative  (Star  Wars) 

Steel  casting  methods,  100-101 
Stennis,  John  C.,  291-292 
Stewart,  Harold  S.,  218,  219 
Stewart  Committee,  189-190 
Strassman,  Fritz,  140 
Strategic  Defense  Initiative  (SDI).  See 
also  Ballistic  Missile  Defense 
Initiative  (Star  Wars) :  cost  of,  292; 
funding  of  Clementine  program  by, 
205;  NCST  and,  299;  superconduc¬ 
tivity  funding  by,  320 
Strauss,  Louis,  221 
Stump,  Felix  B.,  232 
Submarine  Signal  Company,  50,  127 
Submarines:  countermeasure  develop¬ 
ment  and,  129;  deep-sea  searches  to 
recover,  237-244;  detection  and 
tracking  devices  for,  44-48,  95; 
development  of  nuclear  propulsion 
for,  10;  direction  finding  equipment 
and,  118;  fiber  array  and,  316-317; 
habitability  problems  of,  244-248; 
navigational  tooisfor,  209-212;  in 
World  War  I,  21 
Sugar  Grove  project,  235,  236 
Sulfur  mustard,  131,  137-138 
Sun-follower,  177-178 
Superconductivity  research,  317-322 
Superheterodyne,  39 
Suski,  Henry  M.,  108-109 


408  ♦  index 


Swanson,  Claude,  72 

Symbolic  Addition  Procedure,  343-344 

T 

Tactical  Electronic  Warfare  Division 
(Naval  Research  Laboratory),  125, 
336-339 
Tate,  John,  222 

Taylor,  Albert  Hoyt:  on  control  of  NRL, 
76,  77,  112,  156;  on  countermea¬ 
sures,  121,  123;  on  effects  of  Great 
Depression,  67,  76;  high-frequency 
technology  and,  37-40;  ionospheric 
reflection  research  of,  42,  51;  as 
member  of  original  staff,  28,  29,  31, 
36;  radar  research  and,  69,  84-87; 
on  sonar  systems,  50;  on  steel  cast¬ 
ing,  100;  on  torpedo-propulsion 
research,  59;  on  Uni-Control  System, 
95;  work  with  Hulburt,  51-53;  on 
World  War  II  entry,  105 
Taylor,  Bill,  135 
Technical  directorates,  284-285 
Teller,  Edward,  148,  277 
Teller  Light,  219-220 
Thermal  liquid  diffraction,  10 
Thermodynamics  and  Physical 
Metallurgy  Division  (Naval 
Research  Laboratory),  78 
Thermodynamics  Division  (Naval 
Research  Laboratory),  78 
Thermodynamics  Section  (Mechanics 
and  Electricity  Division),  101 
Thermoluminescence,  178-180 
Thomas,  Charles  S.,  278 
Thor  Abel  rocket,  199 
Thrasher,  Leon  C.,  13 
Thresher:  analysis  of  remains  of,  239: 

search  for,  236-239;  sinking  of,  236 
Thrift,  Sterling,  118 
Timation  satellites,  11,  210-212 
Tizard,  Sir  Henry,  113 
Tizard  mission,  113-115 
Torpedo-propulsion  research,  59-61 
Total  Hydrocarbon  Analyzer,  248 
Tousey,  Richard,  165,  172-175,  177, 
178,  180-183,  185,  298 
Towed  array  technology,  315-317 
Townes,  Charles,  227 
Townsend,  John,  Jr.,  198 
Transistors,  282 
Transit  satellites,  199,  210 
TRE  (tactical  receiver  equipment),  355 
Trexler,  James  H  .,  228-232 


Trieste  /,  237 
Trieste  II,  238,  239 
Truman,  Harry  S.,  161,  221,  225 
Tucker  Sam,  79,  190 
Tuve,  Merle  A.:  atomic  energy  research 
and,  143-144;  ionosphere  research 
by,  42,  43,  80;  200  MHz  radar 
equipment,  87 


U 

U.S.  National  Committee,  188 
U.S.  Special  Operations  Command 
(USSOCOM),  355 
U-Boats,  126,  128-130 
Ultraviolet  signaling,  61 
Ultraviolet  (UV)  radiation,  173-175, 
177,  178 

Ultraviolet  (UV)  spectrograph,  175, 

177 

Underground  nuclear  testing,  252-260 

Underwater  sound,  10 

Uni-Control  System,  95 

Uranium  Committee,  144,  158 

Uranium  isotopes,  10 

USS  Colonial,  184 

USS Hancock,  233 

USS  Leary,  87 

USS  Nautilus,  245-246 

USS  New  York,  87-88,  90 

USS  Norton  Sound,  186 

USS  Scorpion,  241 

USS  Shadweli,  324 

USS  Stewart,  10 

UUNet,  336 

V 

V-2  bomb:  capture  of,  168,  170,  171; 
description  of,  167;  launches 
involving,  172-179,  183-184;  NRL 
and,  167-178;  research  developments 
and,  8,  10 

V-2  Upper  Atmosphere  Research  Panel, 
171 

Vacuum  tubes,  62,  63 
Van  Allen,  Jim,  184 
Van  deGraaff  machine,  274-275 
Van  Keuren,  Alexander  H.,  139,  156, 

162 

Van  Keuren,  David,  232,  234,  383 
Vanguard  Computing  Center,  192 
Varela,  Art,  83 

Vergeltungswaffe.  See  V-2  bomb 
Veterans  Administration  (VA),  138,  139 


index  ♦  409 


Vietnam  War,  338 

Viking  project,  186-188 

Von  Braun,  Wernher,  189,  195-196, 

215 

Votaw,  Marty,  198-199 


W 

W5-2,  70 

WacCorporai,  170,  171,  188 
Wagner,  Robert,  349 
Wakeiin,  James  H  .,  Jr.,  236,  237 
Waish,  Tom,  309,  310 
War  Production  Board,  146 
Watson  Laboratories,  171 
WAVES,  106-107 
Weapons  si muiation,  260-265 
Westinghouse  Eiectric  and  Manufactur¬ 
ing  Co.,  41,  60 
Whitney,  Wiiiis  R.,  18 
Wiiheim,  Peter,  198-200,  205,  300 
Wiiiiams,  Biii,  131 
Wiison,  Woodrow,  14,  15 
Window,  123-125 
Winsor,  Harry,  314 
Woif,  Stuart,  318,  319 
Woods  Hoie  Oceanographic  Institute, 
126-127,  240,  244 
Worid  War  I:  background  of,  13-16; 
chemicai  warfare  during,  21,  131, 
132;  direction  finding  during, 
117-118;  U.S.  entry  into,  21,  105 


Worid  War  II:  antisubmarine  warfare 
and,  125-130;  atomic  warfare  in, 

150,  151;  chemicai  research  during, 
130-139;  eiectronic  warfare  and, 
113-125;  impact  on  NRL  of, 

151-152;  Manhattan  Project  and, 
139-151;  Navy  personnei  in  NRL 
during,  106-107;  NRL  growth 
during,  110-111;  NRL  research  during, 
112;  radar  use  during,  91-92;  sonar 
equipment  during,  50;  technoiogicai 
deveiopments during,  6,  7,  10;  U.S. 
entry  into,  105 

X 

XAF,  88,  89 

XL  equipment,  49 

X-ray  crystaiiography,  341-345,  348 

X-ray  diffraction,  11-12,  342,  344,  345 

X-ray  iithography,  259-260 

Y 

Yager,  Paui,  309-310 

Young,  Leo  C.,  28;  high-frequency 
research  and,  37-40;  ionosphere 
research  and,  42,  43;  radar  research 
and,  68,  69,  80,  81 

Yurie  Systems,  336 

Z 

Zisman,  Biii,  245,  308 


IvanAmatoisan  award-winningscience 
writer  whose  articles  have  appeared  in 
many  newspapers,  including  the 
Washington  Post,  San  Francisco  Examiner, 
LosAngeiesTimes,  and  BaitimoreSun,  and 
in  many  magazines  including  Fortune, 
Time,  Scientific  American,  Science,  and 
Science  News.  His  work  also  has  been 
heard  on  National  Public  Radio.  Amato's 
first  book,  Stuff:  The  M  ateriais  the  Worid 
is  Made  of,  came  out  in  1997.  He  lives  in 
Silver  Spring,  Maryland,  with  hiswifeand 
two  sons 


Jacket  design  by  Jan  Morrow/NRL 
J  acket  water  color  by  Rob  Sprouse RLS 1 1 1  ustration 
Author  photograph  by  Michael  Savell/NRL 


The  Na\yal  Research  Laboratory  in  1923 
vievued  from  the  Potomac  River 


the  Laboratory  in  a  more  recent  year 
looking  toward  the  Potomac  River 


